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PKEFACE. 



Trib book is intended for the use of begionera, and for classes in the 
common and higher Bchools, — in which the elements of Botany, one of 
the most generally interesting of the Natural Sciences, surely ought to be 
taught, and to be taught correctly, as far as the instruction proceeds. 
While these Lessons are made as pt^n and simple aa they well can be, 
all the subjects treated of have been carried far enough to make the book 
a genuine Grammar of Botany and Vegetable Physiology, and a sufficient 
introduction to those works in which the plants of a country — especially 
of OUT own — are described. 

Accordingly, as respects the principles of Botany (including Vege- 
table Physiology), this work is complete in itself, as a school-book 
for younger classes, and even for the students of our higher seminaries. 
For it comprises a pretty full account of the structure, oi^ns, growth, 
and reproduction of plants, and of their important uses in the scheme of 
creation, — subjects which certainly ought to be as generally understood 
by bS educated people as the elements of Natural Philosophy or Astron- 
omy are ; and wliich are quite as easy to be learned. 

The book is also intended to serve as an introduction to the author's 
^fanual of the Botany of the Northern United Sales (or to any similar 
work describing the plants of other districts), and to be to it what a 
grammar and a. dictionary are to a classical author. It consequently con- 
tiuns many terms and details which there is no necessity for young stu- 
dents perfectly to understand in the first instance, and still less to commit 
to memory, but wMch they will need to refer to as occasions arise, when 
they come to analyse flowers, and ascertain the names of our wild plants. 

To make the book complete in this respect, a full Glossary, or Dklion- 
ary of Terms used in describing Plants, is added to the volume. This con- 
tains very many words which are not used tn the Manual of Botany; 
but as they occur in common botanical works, it was thought beat to in- 
troduL'C and explain them. All the words in the Glossary which seemed 
to require it are accented. 
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It is by no means indispensable for students to go ihrougli the volume 
before commencing nitk the analysis of plants. When the proper season 
for botani^Dg arrivea, and when the first twelve Lessons bare been gone 
over, they may talce up Lesson XXVIII. and the following ones, and pro- 
ceed to study the various wild plants they find in blossom, in the manner 
illustrated in Lesson XXX., So/., — referring to the Glossary, and thenee 
to the pages of the Lessons, as directed, for explanations of the various 
distinctions and terms tliey meet with. Their first essays will necessarily 
be rather tedious, if not difficult ; but each suL-cessful attempt smooths 
the nay for the next, and soon these technical terms and distinctions 
will become nearly as familiar as those of ordinary language. 

Students who, having mastered this elementary work, wish to extend 
their acquMntance with Vegetable Anatomy and Physiolc^, and to con- 
sidar higher questions about the structure and clasidfication of plants, will 
be prepared to take up the author's Botanical Teil-ISook, oi* other ukOre 
detailed treatises. 

No care and expense have been spared upon the illustrations of tJiJs 
volume; which, with one or two exceptions, are all original. Tliey 
were drawn from nature by Mr. Sprague, the most accurate of living 
botanical artists, and have been as fi'eely introduced as the size to which 
it was needful to restrict the volume would warrant. 

To append a set of questions to the foot of each page, although not un- 
usual in school-books, seems like a reflection upon the competency or the 
faithfulness of teachers, who surely ought to have mastered the les»)n be- 
fore they undertake to teach it; nor ought facilities to be afforded for 
teaching, any more than learning, lessons by i-ote. A full analysis of <he 
contents of the Lessons, however, is very convenient and advantageous. 
Such an Analysis is here given, in place of the ordinary table of con- 
tents. Ttiis will direct the teacher and the learner at once to the leading 
ideas and important points of each Lesson, and serve as a basis to ground 
proper questions on, if such should be needed. 

ASA GRAY. 

Habtard Univbbbiit, Cambkidob, 

January I, IB5T. 
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ANALYSIS OF THE LESSONS.* 



LESSON I. — BoTANi AS A Branch op Natusal Histobt. . , p. I. 

1. Natnral Historj', its sulyocts. 2. Tlio Inorganic or Mineral Kingdom, 
what it is r why called Inorganic. 3. The Organic world, or tho world of Or- 
gflnized beings, why so culled, and what its peeuliaiities. 4. What kingdoms 
it comprises. 5, 6. Difforcncos l)elween plants and animals. 7. Tho use of 
plants : haw vcgetahica are oomiihcd ; and Iiow animals. 

8. Botany, how defined. 9. Physiology, and Physiological BoEany, what 
they relate to. 10. Systematic Botany, what it relates to : a Flora, what it is. 
II. Geographical Botany, Fossil Botany, Sit:,, what they relate to. 

I.ESSO^f IL — The Gbowth op the Plant pbou tbb Seed. . p. 4. 

12. Tlio Coarse of Vegetation : general quoslioDS proposed. 13. Planta 
fbnned on one general plan. H. The Ocmiinating Planllet: 15. exists in 
miniature in the seed : 16. Tho Embryo; its parts : 17, IS. how it develops. 
19. Opposite growth of Boot and Stem : SO. its object or KEulte : 21,22. the 
diffwent way escli grows. 

LESSON ni. Obowih of thb Plaitt from the Seed ; contianed. p. 9. 

23. Recnpilnlntion ; Ascending and Descending Axis. 2-1, 25. The Gctniii- 
nating Plantlet, how nourished. 26. Deposit of food in the embryo, illuslrutcl 
in tho Squash, &c. : 27. in tho Almond, Apple-seed, Beech, &<:. : 28. in the 
Bean; 29. in tlie Pea, Oak, and Buckeye : peculiarity of these lasL 30, 31. 
Deposit of food outside of the embiyo : Albumen of the seed ; various shaj.:-* 
of embiyo. 32, 33. Rinds of embryo as to the nnmber of Ootyleiloiis ; ill- 
cotylcdonoas ; monocotyledonous ; polycotyledonous. 34,35. Plan of vcgcla- 
lion. 36. Simple-stemmed vegetation illustrated. 

LESSON IV. The Gbowth op Plaktb fhom Buds amd Beancheb. p. 20. 

37, 38. Branching : dilFerence in this respect between roots and stoma. 39. 
Bods, what they arc, and where situated : 40, how thej grow, and what they 
become. 41. Plants as to size and duration : herb, annual, biennial, perennial : 
slirub : tree. 42^ Terminal Bud. 43. Axillary Buds. 44. Scaly Buds. 45. 
N^ed Buds. 46. Vigor of vogclation from buds illustrated. 47-49. Plan 
and arrangement of Branches ; opposite : alternate. SO. Symmetry of Branches, 
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Tl ANALYSIS OF THE LESSONS. 

what it depend on: 51, how it becomes incomplete: 51 -S9. how varied. 
53 Definite growth. S4. Indefinite growth. 55. Deliquescent or dissolving 
Btcras, how formed. 56. Excurrcnt stems of spire-shapetl trees, how produced. 
57. Latent Bods. 58. Adventitiona Bnds. 59. Acceswij Or Euporanmerary 
Bndfl. 60. Soita of Buds recapitulated and defined. 

LBSSON V. MORFHOLOOT OF RootB p. 2S. 

61 -64. Morpholog)'; what the term means, and how applied io BoIbdj'. 65. 
Brimarj Root, simple; and, 66. multiple. 67. Bootku; how roots absorb; 
time for transplunlatiou, &c. 68. Great amount of surfucc wliieh a plant 
spreads out, in the air and in the soil ; reduced in winter, increased in spring. 
69. Absoitiiag surface of roots increased bv the rool-hairs. 70. Fibrous roots 
for absorption. 71. Thickened or fleshy roots as siorehouee of food^ 72, 73. 
Their principal forms. 74. Biennial roots ; their economy. 75. Perennial 
tbieltened roots. TO. Potatoes, &c. are not roots. 77. Secondary Roots, their 
economy. 78. Sometimes striking in open lur, when they are, 79. Aerial Roots ; 
illustrated in Indian Com, Mangrove, Screw Pine, Banyan, &c. 80. Aerial 
Rootleu of Ivy. 81. Epiphytes or Air-Plants, illuso-ated. 82. Parasitic Plants, 
illustrated by the Mistletoe, Dodder, &c. 

IiESSON YI. MoBFHOLOor of Stems ahd Bbahches. ... p. 36. 
B3 - 8S. Forms of stems and branches above ground. 86. Their direction or 
halnt of growth. 87. Culm, Caude!:, &c. 86. Suciierd : propagation of plants 
by division. 89. Stolons : propagation by layering or laying. 90. Offsets. 
91. Runnets. 92. Tendrils ; how plants climb by them : their disk-like tips in 
the Virginia Creeper 93. Tendrils are sometimes forms of leaves. 94. Spines 
or Thorns ; their nature ; Fricldes. 95. Strange forma of stems. 96. Subter- 
ranean steins and branches, 97. The BoolGtock or Khizoma, why stem and 
not root. 93. Why running rootstocks are so troublesome, and so hard to de- 
stroy. 99-101. Thickened rootstocks, as depositories of food. 102, Their 
life and growdi. 103. Tbo Tuber. 104. Economy of the Potato-plant 105. 
Gradations of tubers into, 106. Coims or solid bulbs : the nature and economy 
of these, as in Crocus. 107. Gradation of these into, 108. the Bulb : luture of 
bnlbs. 109,110. Their economy. 111. Their two principal sorts. 112. Bulb- 
lets. 113. How the foregoing sorts of stems illustrate what is meant by mor- 
phology. 114. They are imitated in some plants above ground. 115. Consoli- 
dated forms of vegetation, illustrated by Cactuses, &c. 116, Their economy 
and adaptation to dry regions. 

LESSON vn. MoBFKDLOOT or Leaves P- *9- 

U7. Remarkable states of leaves ab^ady noticed. 118, y9. Foliage the 
natural form of leaves: others are special forms, or transfonniitionB ; why so 
colled. 120. I<eavC8as depositories of food, especially the seed-leaves; and, 121. 
As Bulb-scales, 12S. Leaves as Bud-scales. 123, As Spines, 124. As Ten- 
drils. 125. AsPitchers. 126. AsFly-lraps. 127-129. The same leaf serving 
various purposes. 
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ANALYSIS OF TDE LESSOKB. vU 

LESSON TIIL MoBFHOLOQT OF Leaves as Fomaab. . . . p. M. 
130. Foliage (he natural stale of leaves. 131. Ldkvcb a. contrivance for in- 
creasing Enrf^^c : tlic vast eurfacc of a tree in leaf. 132, 133. The parts of a 
leaf. 134. The blade. 135. Its pulp or soft pait and its fi'amework. 136. 
Tho latter is wood, aniJ forraa the riba or veins and vcinlels. 137. Division atid 
use of these. 138. Venation, or mode of veining. 139. Its two kinds. 140. 
Nelted-veined or rcticolaied. 141. Parallel-veined or nerved. 14a. The so- 
called veins and nerves csocntiailj iho same tiling; the latter not like the 
nt'n-cs of animnlB. 143. Hov the sort of veining of leaves ansvera to the tiuui- 
hcr of cotyledons and the kind of plant, 144. Twokindsof parallel-veined leaven. 
14S, 14fi, Two kinds of nettcd-vcincd leaves. 147. Relation of the veining to 
the shape of tho leaf. 148-151. Forms of leaves illustrated, oi to general out- 
line. 153. As to the base. 1S3. As to the apex. 

LESSON IX. MoBpnOLOOT of Leaves as Foliaob ; continued, p. 61. 

154, 155. Leave.? either simple or compound. 15G-1S2. Simple leaves il- ■ 
lustnited as to particular outline, or kind and degree of division. 163, Com- 
pound leaves. 164. Iicaflets. 165. Kinds of compound leaves. 166, 167. 
The pinnate, and, 168. the palmate or digitals. 169. As to number of leaflets, 
&c. 170. Leaflets, as to lobing, &c. 171, 172. Doublv or trebly compounrl 
leaves of both sorts. 173, Peculiar forms of leaves explained, sneh a$ : 174. 
Perfoliate: 175. Equitant: 178. Those without blade. 177. Phyllodia, or 
flattened petioles. I7S. Stipules. 179. Sheaths of Grasses ; Ligule. 

LESSON X. The Arhakoement of Leaves p. 71. 

181. Phyllotaxy, or arrangement of leaves on the stem ; general sorts of ar- 
rangement. 182. Leaves arise onl; one from the same place. 1S3. Clustered 
or fascicled leaves explained. 184. Spiral arrangement of alternate leaves. 185. 
The two-ranked arrangcmenc 186. The three-ranked arrangemerit. 187- The 
five.ranked arrangement. 189. The fractions by which these are expressed. 
189. The eight-ranked and tho thirtaon-ranked arrangements. 190. Tho scries 
of these fractions, and their relations. 191. OjipositD and whorlcd leaves. 
192. Symmetry of leaves, &c. fixed by mathematical rule. 193. Vernation, or 
arrangement of leaves in the bud. 194. The principal modes. 

LESSON XL The Arhaxoexent op Flowbrs on the Steu, 

OR iNFLOREgCEHCG p. 76. 

195. Passage from the Organs of Vegetation to those of Fmetifiention or Re 
production. 196. Inflorescence: tho amngement of flowers depend' on lint 
of the leaves, a 197. They are from either terminal or axillary buds lOS In 
determinate Inflorescence. 199. Its sorts of flower-clusters 200 Flower 
elalks, viz. peduncles and pedicels, braels and bractlets Le 201 Hacemo 
S02. Ita gradation into (203) a Corymb, and that (204) into (20'i) an Umbel 
S06. Centripel«l order of development 207 Tho Spike 208 The Head 
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VIU ANALYSIS OP TIIE LKSSONS. 

200. Spmlix. 210. Catkin or Ament. 211, 212. Coropouad infloroacence of 
tiic preceding kindii. 314. I'linii'li'. ^14. Tliyifus. 2ia. I>etennmaiD In- 
florescence explaintii. 21C, 1:17. Cyiiii; : ( uiilrifiijjal order of development, 
218. ITiisciclc. 219. Gloiiitiule. t:il. Aiialviiis of llu»'i;r-elitstcrs. 222. Com- 
bination of tlio two kinJd of iiifiorisctni::; in the su.ine plant. 

LESSON XU. TuK Flowek : itB Paets ob Osoans p. 84. 

223. The Flower. 224. Its natnro (ind use. 225. Its organa. 326. The 
Floral Envelopes or leaves of llie flower. Caljx and Corolla, together ealltil 
(227) Perijmth. 228. Petals, Sepals. 229. Ncalriil and "double" flowers, 
those destitute of, 230. Tlie Essential Oi^ana: Stamens and Pistils. 231,232. 
The parts of the flower in tlieir sue cession. 233. Tlic Stamen ; its parta. 231. 
The FiEtil : its parts. 

LESSON Xm. The Plan op tbb Flovper p, 88. 

235. Flowers all constjaeted np.in llie same plan. 236. Plan in vitiation 
referred to. 237-239. Typical or pattern flowera illuatratcd, those at oneo 
perfect, complete, regular, and symmctricBl, 241. Imperfect or separated flowers, 
242. Incomplete flowers, 243. Symmetry and regularity. 244. Irr^jular flow- 
ers. 245, Unsynnnetrical flowers, 246. Nnmeiical plan of the flower, 247. 
Alternation of the sueeessivc pans. 24S. Oeeasional obliteration of certain parts. 
249, Abortive organs. 250. Multiplication of parts. 

LESSON XIV. MoRPHOEOOi of the Floweb p. 96. 

251. Recapitulation of tlie varied forma under which stems and leaves appear. 
252, These may be called metamorphoses. 253. Flowers are altered brandies ; 
how shown, 254. Their position the same as that occupied by buds. 255, 
256. Leaves of the blossom are really leaves, 257, Stamens a different inodifl- 
tation of the same. 258, Pistils anotlier modificalion ; the botanist's idea of 
a pistil. 259. The arrangement of the parts of a flower answers to that of the 
Icares on a branch. 

LESSON XV. MoftpHOLOOY op the Caltx asd Corolia. . . p. 99. 

260. The leaves of the blossom viewed as to the rariona shapes tliey aasurae ; 
as, 261. by growing together, 262. Union or cohesion of parts of the same sort, 
rendering the flower, 2G3. Monopetalons or tnonosepalous ; various shapes de- 
fined and named. 265. The tube, and the border or limb. 266. The daw 
and the blade, or lamina of a separate petal, &f. 267, When the porta are 
distinct, polyscpftlona, and polypctalons, 268. Consolidation, or the growing 
together of the parts of different sets. 269. Insertion, what it meqns, and what 
is meant hy the terms Free and Hypogynous. 270, Perigynous insertion, 271, 
272. Coherent or adherent calyx, &c. 273. Epigjnous, 274, Irregularity of 
parts. 275. Pafnlionaceous flower, and its parts, 276. Labiate or hilabiota 
flowera. 277, 278. Ligulaie flowers ; the BCM»Ued compouod Qowera. 
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ANALYSIS OF THE LESSONS. 



SuD. ... p. lOB. 

279. .^sliration or PrKfloration clufincd. 280. Its principnl moilcs illnslmtwt, 
\a. the valvatp, induplir.iw, reilnplicate. conToliite or twisted, and imbricttted. 
282, 2S3. Also tba open, and the plaited or plicate, and iU modiGcution, thQ 
supervolale. 

LESSON XVn, MoBPHOUKJY of the Staubns p. 111. 

381. Stamona considered as lo, 2B5 Their inmrtion. SS6. Their nnioo with 
each other. 287, 3B8. Their number! 289. Their parts, 290. The Filament, 
291. The Anther. 292, 293. Its attachment to ihe filament. 294. lis Btmcture. 
295. Its mode of opening, &c- 296, Its morphology, or the way in which it it 
supposed to be eonstracWd oat of a loaf; its nse, viz. to prodac«, 297. Follen. 
298. Slmcturo of pollcn^grains. 299. Some of their forms. 

LESSON XVIII. MoRi'iioLOuv of PjaiiLa p, 116. 

300. Pistils as to position. 30t. As to number. 302. Their parts ; Ovary, 
style, and Etigma. 303, 304, Plan of a pistil, whether simple or coDipound. 
305, 306. The simple pistil, or Carpel, and how it answers to a leaf. 307. Its 
sutures. 308. The Plnconla. 309. The Simple Pistil, one-celled, 310. and with 
ono style. 311, 312. The Compound Pislil, how composed. 313. With two or 
more cells : 314. their ptacentn inlhe axis : 315. their dissepiments or parti- 
tions. 316, 317. One-celled compound pistils. 318, With n free central pla- 
centa, 319, 3S0. With parietal placenta. 321, Ovary superior or inferior. 
322. Open or Gymnospermons pistil : Naked.sccdcd plants. 323. Ovnles. 324. 
Tlieir stmctore. 325, 326. Their kinds illustrated. 



LESSON XIS. MoBfHOLOOi of the Receptacle.' .... p. 124. 
328 - 330. Some of its forms illostraled. 
ccptaclo in Nelumbinm. 



LESSON XX. Thb Pkuit. ..." p. 126. 

333. What the Fruit consists of, 334. Fruits which are not such in a strict 
botanical sense. 335. Simple Fruits. 336,337. The Pericarp, and the changes 
it may undergo. 338, Kinds of simple fruits. 339, Fleshy fruits. 340, The 
Berry. 341. The Pcpo or Ground-fruit. 342. The Pome or Apple-fruit. 343- 
345. The Drupe or Stooct-lrnit, 346. Dry fruits. 347. The Achcninm ; natat« 
of the Strawberry. 348- Raspberry and Blnckbcny. 349. Fruit in the Com- 
posite Fomily : pappus. 350. The Utricle. 351. The Caryopsis or Grain. 352. 
The Nut ; Cupnle. 353. The Samara or Key-fniit. 354. The Capsule or Pod. 
355. The Follicle, 356. The Legume and Loment. 357. TJie true Capsule. 
358,359. Dehiscence, ila kinds, 361. The Siliquc. .162, The Silicic. 363. The 
Pyxia. 361. HaltipteorCollectiTeFniiu. 365. The Strobile or Cone. 
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LESSON XXI, The Sbed p. 134. 

366. Tho Seed; its orij^. 357. Its parts. 350,369. Its coats. 370. The 
Aril or Arillus. 371. Names applied to the parts of the seed. 373. The Ker- 
nel or Nucleus. 373. The Albamen. 374, 375. The Embryo. 376. The 
Radicle. 377. The Cotyledons or Seed-lcares : the monocolyledonouB, diooty- 
ledonons, anJ polycotyledonons embryo. 376. The Plumule. 379. The circle 
of vegetable life compleld 



LESSON XXn, How Plakis obow. . p. 138. 

380, 381. Growth, what it is. 382. Tor the first fonnation or beginning of 
a plant dates farther bacli than to, 383. the embryo in the ripe seed, which is 
already a phkutlet. 384. The fonnation and the growth of the embryo itself. 
385, Action of the pollen on the stigma, and the result. 386. Tlic Embryonal 
Vesicle, or first cell of tho embryo. 387. Its growth and development into the 
embryo, 3S8, Growth of the plantlet from the seed. 3BS, The plant built ap 
of a vast number of cells. 390. Growth consists of the Increase in size of cells, 
and their multiplication in number. 



LESSON XXIII. Veoetablb Fabiiic ; Cellular Tissue. . . p. 142. 
391, 392. Organic Structure illustrated : Cells the units or elements of plants. 
393. Cellular Tissue, 394,395,397, How-tho Cells are put together, .396. Inter- 
cellular spaces, air-passnges. 398 Size of i^;lls. 399, Riipidity of their produc- 
tion. 400. Their wails colorless ; the colors owing to their contents. 401, The 
waits sometimes thickened. 402. Colls arc closed and whole; yet sap flows from 
one cell to another. 403. Their varied slinpes. 



LESSON XXIV. Vegetable Fabbic ; *ood p. 145. 

404. All plants at the beginning fbrmed of ceUular tissue only ; and some 
never have anything else in their composition, 405, Wood soon appears in 
most plants. 406, Its nalnre. 408. Wood-ceils or Woody Fibre. 409, Hard 
wood and soft wood. 410. Wood-cells closed and whole ; yet they convey sap. 
41 1 , They communicate through thin places : Pine-wood, &c. 41 2. Bast-cells 
or iibres of (he bark. 413, Ducts or Vessels. 414. The principal kinds, 415. 
Milk-vessela, Oil-receptacles, &c. 



LESSON XXV. AsAToav op the Eoot, Stem, asd Leaves, p. UB. 
416, TTie materials of the vegetable fabric, how put together. 417-419. 
Structure and action of the rootlets. 420. Roo^hwrs, 421. Strucluie of the 
stem. 422. The two sorts of stem. 423, The Endogenous, 423, The Exo- 
genous : 425. more particularly eipbined, 426. Parts of the wood or stem 
itself. 427. Parts of the bark. 458, Growth of the cxi^nous stem yMir after , 
year. 429, Growth of the hark, and what becomes of the older parts. 431. 
Charges in the wood; Sap-wood. 432. Heart-wood. 433. This no longer liv- 
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iiig. 434. What the living parts of a tree are; Ihcir annual rcnuiya!. 435. 
Cambinin-lajcr or zone of growth in (Ite stem ; conncctcil with, 436. new root- 
lets below, and nuw shoots, buds, and leatea above. 437. Siractureof aleaf; 
ila two parts, the woody and the celiular,or, 43S. (hoptilp ; this cootainstlie green 
matter, or ChloTcphyil. 439, 440. Arrangement of the cells of green pulp in ihe 
leaf, and Etmcture of its epidermis or sbin. 441. Upper side only endures the 
Kunsliine. 442. ETaporatlon or exhalation of moisture from the leavee, 443. 
Stomalcs or Creathing-pores, their etmcture and use. 444, Their numbers. 

LESSON XXVI. The Plakt in Actiok, doino the Woek 

OP Vegetatioh p. 157. 

446. The ofGee of plants to produce food for animals. 447, Plants feed 
npon earth and air. 449, Their chemical composition. 450. Two sorts of 
material. 451,452. The earthy or inorganic constituents. 453. The organic 
constiinents. 454. These form the Cellulose, or substance of vegetable tissue ; 
composition of cellulose. 455. Tlie plant's food, from which this is mode. 

456. Water, furnishing hydrogen and oxygen. 458. Carbonic acid, furnishing, 

457. Carbon. 459. The air, cont^ning oxygen and nitrogen ; and also, 460. 
Carbonic acid ; 4S1. wliich is absorbed by the leaves, 462. and by the roots. 
463. Water »id carbonic acid the general food of plaots. 464. Assimilation 
tlic proper work of plants, 465. I'akes place in green parts alone, under the 
light of the sun. 466-468. Liberates oxygen goa and produces Cellulose or 
plant-Mric. 469. Or else Starch ; its nature and use, 470. Or Siigar; its na- 
ture, &c. The transformations starch, sugar, &c. undei^. 471. Oils, acids, &c. 
The formation of all these products resioica oxygen gas to the air. 472. There- 
fore plants purify the air for animals. 473, While at Ihe same time they pro- 
dace all the food and fabric of animals. Tlie latter take all their food ready made 

,from plants. 474. And decompose starch, sugar, oil, &c., giving back their ma- 
terials to the air again aa the food of the plant ; at the some time producing ani- 
mal heat. 47S. But the fabric or flesh of animals (librine, gelatine, &c.} contains 
nitrogen. 476. This ia derived from plants in the form of Proteine, Its natnro 
and how the plant forms it, 477. Earthy matters in the plant form the earthy 
part of bones, &e, 478. Dependence of animals upon plants ; showing the great 
object for which phinta were created. 

LESSON XXVII. Plaht-Life p. 166. 

479, Life ; manifested by its effects ; vIk. ita power of transforming matter : 
480. And by motion, 481, 4B2, Planla execute movements as well as animals. 
483. Circulation in cells. 484. Free movements of the simplest plants in their 
forming state, 485. Absorption and conveyance of the sap, 486. Its rise into 
the leaves. 487. Explained by a mechanical law ; Endosmose. 488. Set in ac- 
tion by evaporation from the leaves. 489. These movements controlled by the 
plant, which directs growth and shapes the fabric by an inherent jiower. 490. 
Special movements of a more conspicuous sort, 491 . Siii-h as seen in the so- 
called sleeping and waking states of plants, 492. Movements from irritation, 
and stiiking spontaneous motiona. 
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511, 512. Classiftcalion ; the two purposes it subserves. S13, Names : plan of 
nomenclature. 514, 515. Generic names, how formed. 516. SpeciKc names, 
how formed. 517. Names of Varieties, 518, 519. Names of Orders, Sub- 
oi-dets. Tribes, &c. 520, 521. Characters. 

LESSONS SXX.-XXXII. How to btudt Plantb. pp. 181, 18T, 191. 
SS2-567. Illustratcdby several examples, showing the mode of analyzing and 
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5S8-5T1. Natural System. 572, 573. Arlificinl Ckssification. 574. Arti- 
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BOTANY AND VEGETABLE PHYSIOLOGY. 



BOTANY AS A BRANCH OF NATURAL HISTORY. 

^ 1. Toe subjects of Natural History are, the earth itself and the 
beings that live upon it. 

2. The iDorganie World, or Minml Kingdom. The earth itself, vith 

the air that surrounds it, and all things naturally belon^g to them 
nhich are destitute of life, make up the mineral kingdom, or in- 
organic world. These are called inorganic, or unorganized, because 
they are not composed of orgam, that is, of parts which answer to 
one another, and make up a whole, such as is a horse, a bird, or a 
plant. They were formed, but they did not grow, nor proceed from 
previous bodies hkc themselves, nor have they the power of pro- 
ducing other similar bodies, that is, of reproducing their kind. On 
the other hand, the various living things, ot those which have pos- 
sessed life, compose 

3. Tbe Organic Worid, — the world of organized beings. These 
consist of organs; of parts which go to make up an individual, a 
being. And each individual owes its existence to a preceding one 
like itself, that is, to a parent It was not merely formed, bat 
produced. At £rst small and imperfect, it grows and develops by 
powers of its own ; it attains maturity, becomes old, and finally dies. 
It was formed of inorganic or mineral matter, that is, of earth and 
air, indeed ; but only of this matter under the influence of life : 
and after life departs, sooner or later, it is decomposed into earth 
and air again. 
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4. Tho organic world consists of two kinds of beings ; ntnncly, 
1. J^nlt or Veffelablee, which make up what is called the Veffetabfe 
Kingdom ; and, 2. Animah, whicli compose the Animal Kingdom. 

5. The Differenws betwuen Plants ond Animali seem at first sight so 

obvious and so great, that it would appear more natural to inquire 
how they resemble rather than how they differ from each other. 
"What likeness doea the cow bear to the grass it feeds upon ? The 
one moves freely from place to place, in obedience to its own will, 
as its wants or convenience require : the other b fixed to the spot 
of earth where it grew, manifests no will, and makes no movements 
that are apparent to ordinary observation. The one takes its food 
into an internal cavity (the stomach), from which it is absorbed 
into the system: the other absorbs its food directly by its sur&ce, 
by its roots, leaves, Sec, Both possess organs ; but the limbs oi' 
members of the animal do not at all resemble the roots, leaves, 
blossoms, Sec of the plant. All these distinctions, however, gradu- 
ally disappear, as we come to the lower kinds of plants and the lower 
animals. Many animals (such as barnacles, coral-animals, and 
polyps) are fixed to some support as completely as the plant is to 
the sdl; while many plants are not fixed, and some move from 
place to place by powers of their own. All animals move some of 
their parts freely ; yet in the extent and rapidity of the motion 
many of them are surpassed by the common Sensitive Plant, by 
the Venus's Fly-trap, and by some other vegetables ; while whole 
tribes of aquatic plants are so freely and briskly locomotive, that 
they have until lately been taken for animals. It is among these 
microscopic tribes that the animal and vegetable kingdoms most 
neariy approach each other, — so nearly, that it is still uncertain 
where to draw the line between them. 

6. Since the difficulty of distinguishing between animals and 
plants occurs only, or miunly, in those forms which from tiieir 
minuteness are beyond ordinary observation, we need not further 
concern ourselves with the question here. One, and probably the 
most absolute, difference, however, ought to be mentioned at the 
outset, because it enables us to see what plants are made for. It 

7. Vegetables are nourished by the mineral kingdom, that is, by 
the ground and the air, which supply all ihey need, and which they 
are adapted to Bve upon ; while animals are entirely nourished by 
vegetables. The great tise of plants therefore is, to fake portions of 
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earth and lur, up6n which animals cannot Gabsiet at all, and to con- 
vert these into something upon tvhich animals can subsist, that is, 
into food. AU food is prodaced by plants. How this is done, it is 
the province of Veget^le Physiology to explain. 

8. Botany is the name of the science of the vegetable kingdom in 
general 

9. Phfdolo^ is the study of the way a living being lives, and 
grows, and performs its various operations. The study of plants in 
this view is the province of Vegetable Pkynology. The study of the 
form and structure of the organs or parts of the vegetable, by which 
its operations are performed, is the province oS Strvctural Botany. 
The two together constitute Phytiohgiccd Botany. With this de- 
partment the study of Botany should begin ; both because it lies 
at the foundation of all the rest, and because it gives that kind of 
knowledge of plants which it is desirable every one should possess { 
that is, some knowledge of the way in which plants live, grow, and 
fulfil the purposes of their existence. To this subject, accordingly, 
a large portion of the following Lessons is devoted. 

10. The study of plants as to their kinds is the province of Syt- 
tematic Botany. An enumeration of the kinds of vegetables, as far 
as known, classified according to their various degrees of resemblance 
or difference, constitutes a general System of plants. A similar ac- 
count of the vegetables of any particular country or district is called 
a Flora of that country or district. 

11. Other departments of Botany come to view when — instead 
of regarding plants as to what they are in themselves, or as to their 
relationship with each other — we consider them in their relations 
to other things. Their relation to the earth, for instance, as respects. 
their distribution over its snr&ce, gives rise to Geo^aphiced Botany, 
or Botanical Geography. The study of the vegetation of former 
times, in their fossil remains entombed in the crust of the earth, 
gives rise to Fossil Botany. The study of plants in respect to their 
uses to man is the province of Agrictikurd Botany, Medical Bolaruf, 
and the like. \ 
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THE 6B0WTH OF THE PLANT PROM THE SEED, 

12. The Conni of Tegetetfon. We see planle growing from the 
seed in spring-time, and gradually developing their parts : at length 
they blossom, bear fruit, and produce seeds like those from wliich 
they grew. Shall we commence tlie Btudy <£ the plant with the 
full-grown herb or tree, adorned with dowers or laden with fruit ? 
Or shall we commence with the seedling just rising from the 
ground? On the whole, we may get a clearer idea of the whole 
hfe and structure of plants if we begin at the beginning, that is, with 
the plautlet springing from the seed, and follow it throughout its 
course of growth. This also agrees best with the season in which 
the study of Botany is generally commenced, namely, in the spring 
of the year, when the growth of plants from the seed can hardly 
fail to attract attention. Indeed, it is this springing forth of vegeta- 
tion from seeds and buds, after the rigors of oor long winter, — 
clothing the earth's surface almost at once with a mantle of freshest 
verdure, — which gives to spring its greatest charm. £ven the 
dullest beholder, the least observant of Nature at other seasons, 
can then hardly fml to ask : What are plants ? How do they live 
and grow ? What do they live upon ? What is the object and use 
of vegetation in general, and of its particular and wonderfully various 
forms ? These questions it is the object of the present Lessons to. 
answer, as far as possible, in a simple way. 

13. A reflecting as well as observing person, noticing the re- 
semblances between one plant and another, might go on to inquire 
whether plants, with all their manifold diversities of form and 
appearance, are not alt constructed on one and the same general 
plan. It will become apparent, as we proceed, that this is the 
case;— that one common plan may be discerned, which each par- 
ticular plant, whether herb, shrub, or tree, has followed much more 
closely than would at first view be supposed. The differences, wide 
as they are, are merely incidental. What is true in a general way 
of any ordinary vegetable, will be found to be true of all, only with 
great variation in the detiuls. In the same language, though in 
varied phrase, the hundred thousand kinds of plants repeat the same 
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efory, — are the living witneesea and illuBtrations of one and the 
same plan of CreaUve Wisdom in the vegetable world. So ihat the 
study of any one plant, traced from the seed it aprings from round 
to the seeds it produces, would illustrate the whole subject of vege- 
table life and growth. It matters little, therefore, what particular 
plant we begin with. 

14. The fienniliatiilg Flanllet. Take for example a seedling Maple. 
Sugar Maples may be found in abundance in mimy places, starUng 
(rom the seed (i. e. gerntintaing) in early spring, and Bed Maples 
at the beginning of summer," shortly after the fruits of the season 
have ripened and fallen to the groiuid. A piur of narrow green 
leaves rtused on a tiny stem make np the whole plant at its first 
appearance (Fig. 4). Soon a root appears at the lower end of this 
stemlet ; then a little bud at its upper end, between the pair <^ 
leaves, which soon grows into a second joint or 
stem bearing another pair of leaves, resembling 
the ordinary leaves of the Bed Maple, which 
the first did not. Figures 5 and 6 represent 
these steps in the growth. 

15. Was this plantlet fonned in the seed at 
the time of germination, something as the chick 
is formed in the egg during the process of incu- 
bation ? Or did it exbt befbre in the seed, 
ready formed ? To decide this question, we 
have only to inspect a sound seed, which in this 
instance requires no microaoope, nor any other 
instrument than a sharp knife, by which the 
coats of the seed (previously soaked in water, if 
dry) may be laid open. We find within the 
seed, in this case, the Utde plantlet ready formed, 
and nothing else (Fig. 2); — namely, a pair 
of leaves like those of ihe earliest seedling 
(Fig. 4), only smaller, borne on a stemlet just 
like that of the seedling, only ranch shorter, 
.and all snugly coiled up within the protecting 
seed-coat. The plant then exists beforehand 
in the seed, in miniature. It was not formed, but only devel- 

FIO. I. A wlngad frtiit ot Rsd Mipla, willi llis seed -bearing ponlon cut open, la Biww Dm 
esed. 9. Tbia hoiI cui ognn lo show Ilia embryo plintlel wiUiLn, enlarged. 3. The embiya 
taksn (Ml whole, and pull; nnMded. 4. The aama afi« it Itaa begun to glow ; ot Ub 
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oped, in germinadoD ; when it had raerely to unfold and grow, — 
to elongate its nidimentaiy stem, which takes 
at the same time an upright position, so aa to 
bring the leaT-bearing end into the light and air, 
where the two leaves expand ; while from the 
opposite end, now pushed farther downwards 
into the soil, the root begins to grow. All this 
is true in the main of all plants that spring from 
real seeds, although with great diversity in the 
particulars. At least, there is hardly an excep- 
tion to the fact, that the planllet exiili ready 
formed in the teed, in some shape or other. A. 

16. The rudimentary plantlet contained in 
the seed is called an Embryo. Its little stem 
is named the Eadick, because it was supposed 
to be the root, when the difference between the 
root and stem was not so well known as now. 
It were better to name it the Ctadicle (i. e. 
little stem) ; but it is not expedient to change 
old names. The seed-leaves it bears on its sum- 
mit (here two in numlier) are technically called 
CotyUdoTU, The little bud of undeveloped 
, leaves which is to be found between the co- 

tyledons before germination in many cases {as in the Pea, Bean, 
Fig. 17, &c), has been named the Plumule. 

17. In the Maple (Fig. 4), as also in the Moming-Glory (Fig. 
28), and the like, this bud, or plumule, is not seen for some days 
alter the seed-leaves are expanded. But soon it appears, in the 
Maple as a ptur of minute leaves (Fig. 5), erelong raised on a stalk 
which carries them up to some distance above the cotyledons. The 
plantlet (Fig. 6) now consists, above ground, of two pairs of leaves, 
viz. : 1. the cotyledons or seed-leaves, borne on the summit of the 
original fitemlet (the radicle) i and 2. a pair rf ordinary leaves, 
nused on a second joint of stem which has grown from the top 
of the first. Later, a third pwr of leaves is formed, and rwsed . 
on a third joint of stem, proceeding from the summit of the second 
(Fig. 7), just as that did from the first; and so on, until the germi- 
nating plantlet becomes a tree. 

FIG. S. Geiminating Bed H^ile, whiib bu piodueeil iu lool benMtli, and i> dsvelaping 
a second piiT of ItHvea above. 6. Sunn, ruiUier>d»ncod. 
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18. So the youngest seedling, and even tlie embryo in the seed, 
is already an epilome of ihc herb or tree. It has & slem, from the 
lower end of which it strikes root ; and it 

has leaves. The tree itself in its whole 
vegetation has nothing more In kind, t 
To become a tree, the planllet has only ; 
to repeat itself upwardly by producing 
more similar parts, — that is, new por- 
tions of stem, with new and larger leaves, 
ia succession, — while bencnlh, it pushes 
its root deeper and deeper into the soil. 

19. Tbe Opposite Growth o[ Root aad 

Slem began at the beginning of germi- 
nation, and it continues through Iho 
whole life of the plant While yet 
buried in the soil, and perhaps in total 
darkness, as soon as it begins to grow, 
the stem end of the embryo points 
towards the light, — curving or turning 
quite round if it happens to lie in 
some other direction, — and stretches 
upwards into the free air and sunshine ; 
while the root end as uniformly avoids j^ '^ 

the light, bends in the opposite direction i 

U) do so if necessary, and «ver seeks lo bury itself more and more 
in the earth's bosom. How the plantlet makes these movements, we 
cannot explain. But the object of this instinct Is obvious. It 
places the plant from the lirst in the proper position, with its roota 
in tbe moist soil, from which they are to absorb nourishment, and itn 
leaves in the light and air, where alone they can fulfil Ihelr otTice of 
digesting what the roots absorb. 

20- So the seedling planllet ftnds itself provided with all the 
organs of regelaiion tliat even the oldest plant possesses, — namely, 
root, stem, and leaves ; and has these placed in the situation where 
each is to act, — the root in the soil, the foliage in the light and aii*. 
Thus established, tlie plantlet has only to set about its proper work. 

21. Tbe diffeitDl Mode of Growlli of Root antl Slem may also be hero 
mentioned. Each grows, not only in a different direction, but in a 
different way. The stem grows by producing aaet of joints, each from 
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the summit of its predecessor; and each joint elongates throughout 
every part, until it rcaclies its full length. The root is not composed 
of joints, and it lengtliens only at the end. The stem in the embryo 
(viz. the radicle) lias a certain length to begin with. In tlie pump- 
kin-seed, for instance (t'ig- 9), it is less tlian an eighth of an inch 
long : but it grows in a few days to the length of one or two inches 
(Fig. 10), or still more, if the seed were deeper covered by the soiL 
It is by this elongation that the seed-leaves are raised out of the 
soil, so as to expand in the light and air. The length they acquire 
varies with the depth of the covering. When large and strong seeds 
are too deeply buried, the stemlct sometimes grows' to the length of 
several inches in the endeavor to bring the seed-leaves to the snr- 
fiwe. The lengthening of the succeeding joints of the stem serves to 
GciKtrate the leaves, or pairs of leaves, from one another, and to ex- 
[wse them more fully to the lighL 

22. The root, on the other hand, begins by a new formation at 
the base of the embryo stem ; and it continues to increase in length 
solely by additions to the extremity, the parts once formed scarcely 
elongating at all atlerwards. This mode of growth is well adapted 
to the circnmstances in which roots are placed, leaving every part 
undisturhed in the soil where it was formed, while the ever-advan- 
cing points readily insinuate themselves into the crevices or looser 
portiuis of the soil, or pass around the surface of solid obstacles. 
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LESSON IIL 

GROWTH OP THE PLANT FROM THE SEED. CmUtnUed. 

23. So a plant congiste of two parts, growing in a different manner, 
as well aa in opposite direc^ns. One part, the root, grows down- 
wards into the soil : it may, therefore, be called the deKending axtt. 
The other grows upwards into the light and air: it may be called 
the ascending axis. The root grows on continuously from the ex- 
tremity, and so does not consist of joints, nor does it bear leaves, 
or anything of the kind. The stem grows by a succession of 
joints, each bearing one or more leaves on its sumniiL Itoot on 
the one hand, and stem with its foliage on the other, make up tha 
whole plantlet as it springs from the seed; and the full-grown herb, 
shrub, or tree has nothing more in kind, — only more in size and 
number. Before we trace the planilet into the herb or tree, some 
other cases of tlie growth of the plantlet from the seed should be 
studied, that we may observe how the same plan is worked out under 
a variety of forms, with cert^n differences in the details. The mate- 
rials for this study are always at hand. We have only to notice what 
takes place all around us in spring, or to plant some common seeds 
in pots, keep them warm and moist, and watch their germination. 

24. Tbc Genniaaling Plentlet feeds on Nbnrhhment profided bcronhand. 

The embryo so snugly ensconced in the seed of the Maple (Fig. 2, 
3, 4) has from the first a miniature stem, and a pair of leaves already 
green, or which become green as soon as brought to the light. It 
has only to form a root by which to fix itself to the ground, when it 
becomes a perfect though diminutive vegetable, capable of providing 
for itself. This root can be formed only out of proper material : 
neither water nor anything else which the plantlet is imbibing from 
the earth will answer the purpose. The proper material is nourish- 
ing matter, or prepared food, more or less of which is always pro- 
vided by the parent plant, and stored up in the seed, either i'b the 
embryo itself, or arvund it In the Maple, this nourishment is stored 
up in the thickish cotyledons, or seed-leaves. And there is barely 
enough of it to make the beginning of a root, and to provide for the 
lengthening of the stemlet so as to bring up the unfolding seed-leaves 
where they may expand to the light of day. But when this is done, 
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the tiny plant is already able to sliifl Tor itself; — that Is, to live and 
continue its growth on wli&t it now takes from the soil and from the 
air, and elaborates into nourishment in its two green leaves, Under 
the influence of the light of the sun. 

26. In most ordinary plantu, a larger porti(») of nourishment is 
provided beforehand in the seed ; and the plantlet consequently is 
not BO early or so entirely left to its own resources. Let us examine 
a number of cases, selected from very common plants. Sometimes, 
as has just been stated, we find this 

26. Depwil of Food in the Embrfo Ibelf. And we may observe it 
in every gradation as to quantity, from the Maple of our first illus- 
tration, where there is very little, up to 

I the Pea and the Horsccbestnut, where 
/ there is as much as there possibly can 
be. If we strip off the coats from the 
large and Hat seed of a Squash or 
Pumpkin, we find nothing but the em- 
brjo within (Fig. 9) ; and almost the 
whole bulk of this consists of the two 
seed-leaves. That these contain a good 
supply of nourishing matter, is evident 
from their sweet taste and from their 
thickness, although there is not enough 
t^ obscure their leaf-like appearance. 
It is by feeding on this supply of nour- 
ishment that the germinating Squash or 
Pumpkin (Fig. 10) grows so rapidly 
and BO vigorously from the seed, — 
lengthening iU stemlet to more tlum 
twenty times the length it had in the 
seed, and thickening it in proportion, — 
sending out at once a number of roots 
10 from its lower end, and soon developing 

the plumule (16) from its upper end into a third leaf: meanwhile 
the two cotyledons, relieved from the nourishment with which their 
tissue was gorged, have expanded into useful green leaves. 

27. For a stronger instance, take next the Beed of a I'lum or 
Peach, or an Almond, or an Apple-seed (Fig. 11, 12), which shows 

PIG. 9. Embryo of * riTmnkin, nf the naiuril alzt ; iln caiyledona « liiils oponod. 
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the same thing on a smaller scale. The embryo, which here also 
makes up the whole bulk of the kernel of the 
seed, dtfiera from that of the Pumpkin only 
n having the seed-leaves more thickened, by 
I the mudb larger qoantity r€ noarishment stored 
a their tissue, — so large and so pure in- 
deed, that the almond becomes an article of 
food. Fed by this abundant supply, the second, 
and even the third joints of the stem, with 

their leaves, shoot forth as soon as the slemlet comes to the sur&ce of 

the soil The Beech-nut (Fig. 13), with 

its sweet and eatable kernel, consisting 

mainly of a pair of seed-leaves folded 

together, and gorged with nourishing 

matter, offers another instance of the 

same sort : this ample store to fe«d 

upon enables the germinating plantlet 

.to grow with remarkable vigor, and to 

develop a second joint of stem, with its 

pair of leaves (Fig. 14), before the first 

pair has expanded or the root has ob- 
tained much foothold in the soil. 

28. A Bean affords a similar and 

more familiar illustration. Here the co- ' 

tyledons in the seed (Fig. 16) are so 

thick, that, although tliey are raised out 

of ground in the ordinary way in ger- 

miuation (Fig. 17), and turn greenish, 

yet they never succeed in becoming leaf- 
like, — never display their real nature of 

leaves, as they do so plainly in the Ma- 
ple (Fig. 5), the Pumpkin (Fig. 10), the 

Morning-Glory (Fig. 8, 26-28), &c. 

Turned (o great account as magazines 

of food for the germinating plan tlet, they 

fulfil this special office admirably, but 

a smbcyo with in thickened 
irs colyleilans partly sepanled. 

M baa BCJircst)' fimnsd. 13. Tks 
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Ihffjr were so gorged aud, as it were, misshapen, that they became 
-^ quite nnfitted to perTorm the office of 

foliage. This office is accordingly first 
performed by the Bucceeding pair of 
leaves, those of the plumule (Fig. 17, 
18), which is pot into rapid growth by 
the abundant noariahment contained in 
the large and thick seed-leaves. The 
latter, having fulfilled this office, soon 
wither and fidl away. \ 

29. This is carried a step farther in 
the Pea (Fig. 19, 20), a near relative 
of the Bean, 
and in the 
Oak (Fig. 
21, 22), a 
near relative 
of the Beech. 
The differ- 
ence in these 
and many 
other similar 
» cases is this. 

The cotyledons, which make up nearly 

the whole bulk of the seed are exces- 
sively thickened, bo as to become nearly 

hemispherical in shape. They have lost 

all likeness to leaves, and all power of 

ever fulfilling the office of leaves.. Ac- 
cordingly in germination they remain 

unchanged within the husk or coats of 

the seed, never growing themselves, but 

supplying abundant nourishment to the 

plumule (the hud for the forming stem) 

between them. This pushes forth from 

the seed, shoots upward, and g^ves rise 

PIG. 16. A Bern : the ombryo, from wliich aoBd-toii 




sn off. M. A Pot In gnmliiilkiiL 
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to the first leaves that appear. In moat cases of the sort, the radicle, 
or short original stemlet of the embrjo be- 
low the cotjledona (which is plainly shown 
in the Pea, Fig. 19), lengthens very httle, 
or not at all ; and so the cotyledons remain 
under ground, if the seed waa covered by ^^ 

the soil, as every one knows to be the case 
with Peas. In these (Fig. 20), as also in 
the Oak (Fig. 22), the leaves of the first 
ooe or two joints are imperfect, and mere 
small scales; but genuine leaves inunedi' 
otely follow. The Horsechestnut and Buck- 
eye (Fig. 23, 24) furnish another instance 
of the same sort. These trees are nearly 
related to the Maple ; but while the seed- 
leaves of the Maple show themselves to 
be leaves, even in the seed (as we have 
already seen), and when they germinate 
fulfil the office of ordinary leaves, those 
of the Buckeye and of the Horsechestnut 
(Fig. 23), would never he suspected to be w;::.. i 
the same organs. Yet they are bo, only ^!^ 
in another shape,— r exceedingly thickened ^ 

by the accumulation of a great quantity 
of starch and other nourishing matter in 
their substance ; and besides, their contigu- 
ous faces stick together more or less firmly, 
BO that they never open. But the stalks 
of these seed-leaves grow, and, as they 
lengthen, pnsh the radicle and the plumule 
out of the seed, when the one grows downward to make the root, the 
other upward to form the leafy stem (Fig. 24). 

30. OeposU ot Food oateide of Ibe Embr70. Very often the nonrisb- 
ment provided for the seedling plantlet is laid np, not in the embryo 
itself, but around it. A good instance to begin with is furnished by 
the common Moming-GIory, or Convolvulus, The embryo, taken 
out of the seed and straightened, is shown in Fig. 26. It ctpisists 
of a short stemlet and of a pair of very thin and delicate green 
leaves, having no slock of nourishment in them for sust^ning the 

FIG. SI. An acoindividsd loneUiwiss. 99. Tfao EormiDBting Otk. 
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earliest growth. On cutting open the seed, however, we find this 
embryo (considerably crumpled or folded together, bo as to occupy 
less space, Fig. 25) to be Burround- 
ed by a maaa of rich, mncilaginooa 
matter (becoming rather hard and 
solid when diy), which forms the 
principal bulk of the seed. Upon 
this stock the embryo feeds in ger- 
mination ; the seed-leaves absorbing 
it into Iheir tissue as it is rendered 
soluble (through certain chemical 
changes) and dissolved by the wa< 
ter which the germinating seed im- 
bibes from the moist soiL Having 
by this md X m 

lengthened 
its radicle 




and formed the beginning of a root at its 
lower end, already imbedded in the soil 
(Fig. 27), the cotyledons now disengage 
themselves from the seed-coata, and ex- 
pand in the light aa tbe first p^ of leaves 
(Fig. 28). These immediately begin to 
elaborate, under the sun's influence, what 
the root imbibes from the soil, and the new 
nonrishment so produced is used, partly to 
increase the size of the little stem, root, 
and leaves already existing, and partly to 
produce a second joint of stem with its 
leaf (Fig. 29), then a third witii its leaf 
(Fig. 8) ; and so on. 
31. This maternal store of food, deposited 



1 the seed along with 



the embryo (but not in its substance), the old botaniBla likened to 



I Beed divided. 04. A ■imilu s»ed In geminu] 
embiyo of IiIoniing.G]ar]i, cut urogs. SB. En 
1. ar. GDrminUinc Momiug-Glory. 98. Tba u 
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Okd albumen, or white of the e^, which encloses Ihe Tolk, and 
therefore gave it the same name, — the aSnimen of the seed, — a 
name which it still retains. Food of this sort for the plant is also 
food for animals, or for man ; and it is 
this albumen, the floury patf of the seed, 
which forms the principal bulk tX such 
important gnune as those of Indian Com 
{Fig. 88-40), Wheat, Rice, Buck- 
wheat, and of the seed of Four^'clock, 
(Fig. 86, 37), and the like. In all 
these last-named cases, it may be ob- 
served that the embryo is not ench)sed 
in the albumen, but placed on one side 
of It, yet in close contact with it, eo j 
that the embryo may absorb readily 
from It the nounshment it requires 
when it begins to grow Sometimes 
the embryo is coiled around the outside, in the form of a ring, as 
in the Purslane and the Four-o'clock (Fig 3G, 37) ; sometimes it is 
coiled within the albumen, as m the Potato (Fig. S4, 35) ; some- 
times it IS straight in the centre of the albumen, occupying nearly ita 
N n M n whole length, as in 

the Barberry (Fig. 
32, 33), or much 
smaller and near one 
end, as in the Iris 
(Fig. 43) ! or some- 
times so minulo, in 
the midst of tlie ill- 
buinen, that it nci-iis 
a magnifying-^la.«3 lo 
find it, as in tlie But- 





riQ. 30. SentoD of 1 ■(«<] of a Paony, efunvlng a very gmall embiyo \ 
mar on* end. 31. Thi> ginbiyn dslacbed, mil mura iniignified. 

FIG. Xi. SMlnn o( a sood nf Dirbcny, sIhwiiie itie iiraigbt embryo I 
■he albunwn. 33. lu enibryo deliched. 

Fia. 34. Section of a Potaln-eeod, sliowing UlB embryo coiled u Uieal 
embryo detacbed. 

ouUidBoritiaaibunMi. 37, lu euiliryu iletacbed. 
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tercQp or the Colambine, and in the Feony (Fig. 30, 81), where, 
however, it ia lai;ge enoD^ to be distingniehed bj the oaked eye. 
Nothing is more cnrious than the rarioua shapes and positions of 
the embryo in the seed, nor more interes^g than to watch its de- 
velopment in germination. One point is still to be noticed, since 
the botanist considers it of much importance, namely : — X 

32. The Kindi of fimbryo u to the NDinbtr of Cotyledoni. In aU the 
figures, it is easy to see that the embryo, however various in shape, 
is constructed on one and the same plan ; — it consists of a radicle or 
Etemlet, with a pair of cotyledons on its summit Botanists there- 
fore call it dieolyUdonoiu, — an inconreniently long word to express 
the fact that the embryo has two cotyledons or seed-leaves. In 
many cases (as in the Buttercup), the cotyledons are indeed so 
minute, that they are discerned only by the nick in the upper end 
of the little embryo ; yet in germination they grow into a pair of 
seed-leaves, just as in other cases where they are plain to be seen, 
as leaves, in the seed. But in Indian Com (Pig. 40), in Wheat, 
the Onion, the Iris (Fig. 43), &c, it is well known that only one 
leaf spears at first from the 
sprouting seed: in these the 
embryo has only one cotyle- 
I don, and it is therefore termed 
' by the botanists mowcof^&cict- 
n mm notu ; — an extremely long 

word, like the other, of Greek derivation, which means one^cotyle- 
doned. The rudiments of one or more other leaves are, indeed, 
commonly present in this sort of embryo, as is plain to see in Indian 
Com (Fig. 38 - 40), but they form a bud situated above or within 
the (iotyledon, and enclosed by it more or less completely ; so that 
they evidently belong to the plumule (16) ; and these leaves appear 
in the seedling plantlet, each from within its predecessor, and tliere- 
fore originating higher up on the forming stem (Fig. 42, 44). This 
will readily be understood from the accompanying figures, with their 
explanation, which the student may without difficulty verify for him- 

FIG. 38. A grain of Indian Com, fluwiie, cat iwij" a IIiiIb, so is io >!»w ib» eralnro, 
lying on Ilw ilbiiDien, which mikee ttas principU bulli ofilw eeed. 

FIG. 39. Another fnitn of Coin, cul through Ihe iDiiidtein Ihe opposilo direclion, divid- 
ing Ihe flmbiyo Uitouch ila Ihitk cotyledon and it9 plamnli, Ihs Isiler consiating of two 
lenvex, ono enclosing Iho nther. 
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self, and should do bo, by exanuDing grains of Indian Corn, soaked 
in wal«r, bcforo and also during germination. In the Onion, Lily, 
and the Iris (Fig, 43), the monoeotyledonous embryo is simpler, 
consisting Apparently of a simple oblong or cylindrical 
body, in which no distinction of parts ia visible : the lower 
end is radicle, and from it grows the root ; the rest is a 
cotgledan, which has wrapped up in it a minute plwrtule, 
or bud, that shows itself when the seeds sprout in germi- 
nation. The ilrst leaf which appears above ground in all 
these cases is not the cotyledon. In all seeds with one coty- I 
ledon to the embryo, this remains in the seed, or at least 
its upper part, while its lengthening base comes out, so as i 
to extricate the plumule, which shoots upward, and de- I 
velops the first leaves of the planllet. These appear one 
YT" or within the other in sncees- 
-as is shown in Fig. 42 and 
4, — the first commonly in the 
L little scale or imperfect 
^he second or third and the " 

I ones as the real, ordinaty leaves of 
Meanwhile, from the root end of 
l^bryo, a root (Fig. 41, 44), or soon a 
, duster of roots (Fig. 42), mak^ ita 

I In Fmes, and the like, the embryo con- 

f a radicle or stenalel, bearing on its 

: three or four, or of^ fixim five to 

! ten slender cotyledons, arranged in a 

' circle (Fig. 45), and expanding at 

once mto a drole of as many green 

m germinadon (Fig. 46). Such 

I embryos are s^d to bepoh/co^kdonous, 

that, is, aa the word denotes, many- 

I co^ledoned. 

S4. Plan of TegelatiOD. The stadent 
who has nnderatandingly followed the 
growth of the embryo in the seed into the seedling plantlet, — com- 
posed of a root, and a stem of two or three joints, each bearing a 

FIG. 41. Gnio ot Indiin Com In gtimioUiOB. 
no. ^ Tlw tiiDa, [uiUier advuiced. 

2* 
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leitf, or ft pwr (rarely a circle) of leaves, — will have gained a cor- 
rect idea of the plan of regetatioD in geoeral, and have laid a good 
fouadatioa for a knowledge of the whole structure nod physiology 
^ of planU. For the plant goes on to grow io the sama 

way throughout, by mere repetitions of what the early 
germinating plantlet dbplays to view, — of what was 
I contained, in miniature or in rndiment, in tiie seed itself. 

So far aa vegetation is concerned (leaving out of view 
for the present the flower and fruit), the full-grown leafy 
herb or tree, of whatever size, has nothing, and does 
nothing, which Uie seedling plantlet does not have and 
do. The whole mass of stem or trunk and foliage of 
tlie complete plant, even of tbe lai^est forest-tree, is 
composed of a succession or multiplication of similar 
parts, — one arising from the summit of another, — ■ 
each, so to say, the ofiapring of the preceding and 
the parent of the next 

85. In the same way that the earliest portjons of 
the seedling stem, with the leaves 
they bear, are Bnccessively produced, 
so, joint by joint in direct ancces- 
sion, a single, simple, leafy stem is 
devekiped and carried up. Of such a 
simple leafy stem many a plant consists 
(before flowering, at least), — many 
herbs, such as Sugar-Cane, Indian 
Com, the Lily, the tall Banana, the 
Tucca, &C. ; and among trees the 
Palms and the Cycas (wrongly called 
Sago Pahn) exhibit the same shnplicity, thdr 
Bt«ms, of whatever age, being unbranched columns 
(Fig, 47). (Growth in diameter is of course to be considered, 
as well as growth in length. That, and the question how growth 
of any kind takes place, we will consider hereafter.) But more 
commonly, as soon as the plant has produced a mun stem of a cer- 
tain length, and displayed a certdn amount of foliage, it begins to 

FIG. 43. BvctiDD of > H«d or the Iris, or Floirra-dB-Luca, BbDWing lu Bmill nabiya in 
lbs albumen, nflu iha bottom. 

FIG. 44. GennlnuingpUntMofTlH [[ie. 

FlO. 45. SMIionorsaiwd uTn nne, Willi tta Mnbryo or Hronl cotylodous. 4lj. Eu)]' 
(eedliof Fitw, irltli iu stciulsl, displaying 118 ill (ved-leuw. 
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produce addi^onal stems, that U, branehet. The branching plant 
we will consider in ihe next Lesson. 

ae. The subjoined figures (Fig. 47) give a view of some forms 
of simpU'Stemmed vegetation. The figure in the foreground on 
the left represents a Cjcas (wronglj' called in the conservatories 
Sago Palm). Behind it is a Yncca (called Spanish Bayonet at the 
South) and two Cocoanut Palm-trees. On the right is some Indian 
Cora, and behind it a Banana. ^ 
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THE GROWTH OP PLANTS FROM BUDS AND BRANCHES. 

< 

37. We have seen how the plant grows eo as to produce a root, 
and a simple stem with its foliage. Bodi the root and stem, how- 
ever, generally branch. 

38. The branches of the root arise without any particular order. 
There is no telling beforehand from what part of a main root they 
will spring. But the branches of the stem, except in some extra- 
ordinary cases, regularly arise from a particular place. Branches 
or shoots in their undeveloped state are 

30. Bads. These regularly appear in the axih of the leaves, — 
that is, in the angle formed by the leaf with the stem on the upper 
side ; and as leaves are symmetrically arranged on the stem, the 
buds, and the branches into which the buds grow, necessarily par- 
take of this symmetry. 

40. We do not confine the name of bud to the scaly winter-buds 
whicli are so conspicuous on most of our shrubs and trees in winter 
and spring. It belongs as well to the forming branch of any herb, at 
its first appearance in the axil of a leaf. In growing, buds lengthen 
into branches, just as the original stem did from the plumule of the 
embryo (16) when the seed germinated. Only, while the original 
stem is implanted in the groimd by its root, the branch is impliuited 
on the stem. Branches, therefore, are repetitions of the main stem. 
They consist of the same parts, — namely, joints of stem and leaves, 
— growing in the same way. And in the axils of their leaves 
another crop of buds is naturally produced, giving rise to another 
generation of branches, which may in turn produce still another 
generation ; and so on, — until the tiny and simple seedling develops 
into a tall and spreading herb or shrub ; or into a massive tree, 
with its hundreds of annually increasing branches, and its thousands, 
perhaps millions, of leaves. 

41. The herb and the tree grow in the same way. The difference 
is only in size and duration. 

An JJerb dies altogether, or dies down to the ground, after it has 
ripened its '"■nit, or at the approach of winter. 
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An annual kerb flowers in the first year, and diea, root and all, 
after ripening its seed : Mustard, Peppergrass, Buckwheat, Six., arc 
examples. 

A biennial herb — Each as the Turnip, Carrot, Beel, and Cabbage 
— grows the first season without blossoming, survives the winter, 
flowers after that, and dies, root and all, when it has ripened its seed. 

A perennial herb lives and blossoms year after year, but dies 
down to the ground, or near it, annually, — not, however, quite down 
to the root : for a portion of the stem, with its buds, still survives ; 
and from these buds the shoots of the following year arise. 

A Skmh is a perennial plant, with woody stems which continue 
alive and grow year afVer year. 

A Tree differs from a shrub only in its greater size. 

42. The TermiDal Bod. There are herbs, shrubs, and trees which 
do not branch, as we have already seen (35) ; but whose stems, 
even when they live for many years, rise as a simple shaft 
(Fig, 47). These plants grow by the continued evolution of a bud 
which crowns the summit of the stem, and which is therefore called 
the terminal bud. This bud is very conspicuous in 
many branching plants also; as on all the stems or 
shoots of Maples (Fig. 53), Horsechestnuts (Fig. 48), 
or Hickories (Fig. 49), of a year old. When ttey 
grow, they merely prolong the shoot or stem on which 
they rest On these same shoots, however, other buds 
are to be seen, regularly arranged down their sides. 
We find them situated just over broad, flattened places, 
which are the scars lefl by (he fall of the leaf-stalk the 
autumn previous. Before the fall of the leaf, they 
would have been seen to occupy their axih (39) : so 
th^ are named 

43. Alillar; Bods. They were formed in these trees 
early in the summer. Occasionally they grow at the 
time into branches : at least, some of them are pretty 
sure to do so, in case the growing terminal bud at the 
end of the shoot is injured or destroyed. Otherwise 
tbey lie dormant until the spring. In many trees 
or shrubs (such for example as the Sumach and Honey-Locust) 
these axillary buds do not show themselves until spring ; but if 

FIG. 48. 8lHw(DfHonechoatDiit,o(oiie rMi'agniwlti,Iiki]a In autumn iner Ihe leavsn 
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eearched for, they mny be detected, though of small size, hidden 
under the hark. Sometimes, although early formed, they are con- 
cealed all summer long under the base of tbe leaf- 
stalk, hollowed out into a sort of inverted cup, like a 
candle-extiuguislier, to cover them; as in the Locust,^ 
tbe Yellow-wood, or more stiikingly in the Button- 
wood or Plane-tree (Fig. 50). 

44. Such large and conspicuous buds as those of 
the Horsechestnut, Hickory, and the like, are sctUt/; 
the scales being a kind of imperfect leaves. Tbe 
use of the bud-scales is obvious ; namely, to protect 
the tender young parts heneatli. To do this more 
effectually, they are often coated on the outside wllh 
& varnish which is impervious to wet, while within 
they, or the parts they enclose, are thickly clothed 
with down or wool ; not really to keep out the cold 
of winter, which will of course penetrate the bud in 
time, but to shield the interior against sudden changes 
« from warm to cold, or from cold to warm, which are 
equally injurious. Scaly buds commonly belong, as would be expect- 
ed, to trees at^d shrubs of northern cUmates ; while naked buds arc 
usual in tropical regions, as well as in herbs everywhere which 
branch during the summer's growth and do not endure the winter. 



45. But naked buds, or nearly naked, alio occur in several of our 
)wn trees and shrubs ; sometimes pretty large ones, as those of Hob- 
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blebush (while those of the nearly-related Snowball or High Buah- 
Cranberry are scaly) ; but more commonly, when naked buds occur 
in trees and shrubs of our climate, they are small, and sunk in the 
bark, as in the Sumac ; or even partly buried in the wood until they 
begin to grow, as in the Honey-Locust. 

4G. Figor of Vegetation froia Bods. Large and strongbads, like those 
of the Horsecheslnut, Hickory, and the like, on inspection will be 
found to contiun several leaves, or paira of leaves, ready formed, 
folded and packed away in small compass, just as the seed-leaves 
are packed away in the seed : they even contain all the blossoms of 
the ensuing season, plainly visible as small buds. And the stems 
upon which these buds rest are filled with abundant nourishment, 
which was deposited the summer before in the wood or in the bark. 
Under the surface of the soil, or on it, covered with the fallen leaves 
of autumn, we may find similar strong buds of our perennial herbs, 
in great varie^ ; while beneath are thick roots, rootstocka, or tubers, 
charged with a great store of nourishment for their use. As we 
regard these, we shall readily perceive how it is that vegetation 
shoots forth so vigorously in the spring of the year, and clothes the 
bare and lately frozen surface of the soil, as well as the naked 
houghs of trees, almost at once with a covering of the freshest 
green, and of^en with brilliant blossoms. Everything wns preparci), 
and even formed, beforehand : the short joints of stem in the bud 
have only to lengthen, and to separate the leaves from each other 
so that they may unfold and grow. Only a small part of the vege- 
tation of tlie season comes directly from the seed, and none of the 
earliest vernal vegetation. This is all from buds which have lived 
through the winter. 

47. This growth from buds, in manifold variety, is as interestjng 
a subject of study as the growth of the plantlet from the seed, and 
is still easier to observe. We have only room here to sketch the 
general plan ; earnestly recommending the student to examine at- 
tentively their mode of growth in all the common trees and shrubs, 
when they shoot forth in spring. The growth of the terminal bud 
prolongs the stem or branch: the growth of axillary buds pro- 
duces branches. ~_ 

48. The flrrangemcBt of Bnmehes is accordingly the same as of 
a^llary buds ; and the arrangement of these buds is the same as 
that of the leaves. Now leaves are arranged in two principal ways : 
they are either opposite or alternate. Leaves are opposite when 
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there are two borne on the Bamo joint of stem, as in tlic Horse- 
chestnut, Maple (Fig. 7), Honeysncklc (Fig. 13S), Liluc, &c; the 
two leaves in such coses being always opposite each other, that is, 
on exactly opposite sides of the stem. Here of course the buds 
in their axils are opposite, as we observe in Fig. 48, where the 
leaves have &llen, but their place is shown by the scars. And the 
branches into which the buda grow are likewise opp(»ite each other 
in pairs. 

49. Leaves ore abemate when there is only one from each jmnt of 
stem, as in the Oak (Fig. 22), Lime-tree, Poplar, Buttonwood (Fig. 
fiO), Moming-Glory (Fig. 8), — not counting the seed-leaves, which of 
course are opposite, there being a pair of them ; also in Indian Com 
(Fig. 42), and Iris (Fig. 44). CooBequently the axillary buds are 
also alternate, as in Hickory (Fig. 49) ; and the branches they 
form alternate, — making a different kind of spray from the other 
mode, — one branch shootJng on the one side of the stem and the 
next on some other. For in the alternate arrangement no leaf is 
on the same «de of the stem as the one next above or next 
below it. 

50. Branches, therefore, are arranged with symmetry ; and the 
mode of branching of the whole tree may be foretold by a glance at 
the arrangement of the leaves on the seedhng or stem of the first 
year. This arrangement of the branches according to that of the 
leaves is always plainly to be recognized ; but the symmetry of 
branches is rarely complete. This is owing to several causes ; 
mainly to one, viz.:' — 

51. It never happens that all the buds grow. If they did, there 
would be as many brandies in any year as there were leaves the 
year before. And of those which do begin to grow, a lai^ portion 
perish, sooner or later, for want of nourishment orfor want of light. 
Those which first begin to grow have an advantage, which they are 
apt to keep, taking to themselves the nourishment of the stem, and 
starving the weaker buds. 

52. In the Horsechestnut (Fig. 48), Hickory (Fig. 49), Mag- 
nolia, and most other trees with large scaly buds, the terminal bud 
is the strongest, and has the advantage in growth, and next in 
strength are the upper axillary buds: while the former continues 
the shoot of the last year, some of the latter give rise to branches, 
while the rest fail to grow. In the Lilac also, the upper axillary 
buds are stronger than the lower; but the terminal bud rarely 
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f^pears at nil ; in its place the uppermost pair of axillary buds gro^, 
and eo each stem branches every year into two ; making a re- 
peatedly two-forked ramification. 

53. In these and many similar trees and shrubs, most of then shoots 
make a definite annual growth. That ic, each shoot of the season 
develops rapidly from a strong bud in spring, — a bud which gen- 
erally contains, already formed in miniature, all or a great part of the 
leaves and joints of stem it is to produce, — makes its whole growth 
in length in the course of a few weeks, or sometimes even in a few 
days, and tlien forms ajid ripens its buds for the next year's similar 
rapid growth. 

54. On the other hand, the Locust, Honey-Locust, Sumac, and, 
among smaller plimts, the Kose and Raspberry, make an indefinite 
annual growth. Thiit is, their stems grow on all summer long, 
until stopped by. the frosts of autumn or some other cause ; con- 
sequently iLey fonn and I'ipen no terminal bud protected by scales, 
and the upper asillary buds arc produced so late in the season 
that they have no time to mature, nor has the wood time to solidify 
and ripgn. Such stems therefore commonly die at the top in winter, 
or at least all their upper buds are small and feeble ; and the growth 
of the succeeding year takes place mainly from the lower axillary 
buds, which are more mature. Most of our perennial herbs grow 
in this way, their stems dying down to the ground every year: the 
part beneath, however, is charged with vigorous buds, well pro- 
tected by the kindly covering of earth, ready for the ne^tt year's 
vegelation. 

So. lu these last-mentioned cases there is, of course, no single 
main stem, continued year after year in a direct line, but the trunk 
is soon lost in the branches ; and when they grow into trees, these 
commonly have rounded or spreading tops. Of such trees with 
d^guescent stems, — that is, with the trunk dissolved, as it were, 
into the successively divided branches, the common American Elm 
(Fig. 54) furnishes a good illustration. 

56. On the other hand, the main stem of Pines and Spruces, as 
it begins in the seedling, unless destroyed by some Injury, is carried 
on in a direct line throughout the whole growth of the tree, by the 
development year after year of a terminal bud: this forms a single, 
uninterrupted shaft, — an excurreat trunk, which can never be con- 
founded with the branches that proceed from it. Of such sjnrg or 
tpire-ihaped trees, the Firs or Spruces are the most perfect and 
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fiimiliar illustTalJcms (Fig. 54) ; but some other trees with strong 
terminitl buds exhibit the same character for a certain time, and 
in a legs marked degree. 

57. iBtcnt Bodl. Some of the axillaty buds grow the following 
year into branches ; but a larger number do not (51). These do not 
necessarily' die. Often they survive in a latent slate for some years, 
visible on the surface of the branch, or are smaller and concealed 
under the bai^, resting on the SDrface of the wood : and when at 
any time the other buds or branches happen to be killed, these older 
latent buds grow to supply their place ; — as is often seen when the 
foliage and young shoots of a tree are destroyed by insects. The 
new shoots seen springing directly out of large stems may sometimes 
originate from such latent buds, which have preserved their life for 
years. But commonly these arise from 

5S. IdTtnlilioni Bids. These are buds which certdn shrubs and 
trees produce anywhere on the surface of the wood, especially where 
it has been injured. They give rise to the slender twigs which olUn 
feather so beautifully the sides of great branches or trunks of our 
American Elms. They sometimes form on the root, which jiaturally 
is destitute of buds ; and they are sure to appear on the trunks and 
roots of Willows, Poplars, and Chestnuts, when these are wounded 
or mutilated. Indeed Osier-Willows are pollarded, of cot off, fnxu 
time to time, by the cultivator, for the purpose of producing a crop of 
slender adventitious twigs, suitable for basket-work. Such branches, 
being altogether irregular, of course interfere with the natural sym- 
metry of the tree (50). Another cause of irregularity, in certain 
trees and shrubs, is the formation of what are called 

59. Atcestorf or SnpeninniErBrf Bndl. There are cases where two, 
three, or more buds spring from the 
axil of a leaf, instead of the single 
one which is ordinarily found there. 
Sometimes they are placed one over 
the other, as in the Aristolochia or 
Pipe- Vine, and in the Tartarian 
Honeysuckle (Fig. 51) ; also in the 
Honey-Liocust, and in the Walnut and 
Butternut (Fig. 52), where the upper supernumerary bud is a good 
way out of the axil and above the others. And this is here stronger 

PIQ. SI. Tutiriui aoBtftatUe, vith Uith ucsMor; buda in one uil. 
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than the others, and grows into a branch which is considerably ont of 
the axil, while the lower and smaller ones commonlj do not grow at 
all. la other cases the three huds stand side by side 
in the axil, as in the Hawthorn, and the B«d Maple 
(Fig. 53). If Uiese.were all to grow into branches, 
they would Btifle or jostle each other. But some 
of them are commonly ftower-buds : in 
the Red Maple, only the middle one ia 
a leaf-bud, and it does not grow until 
after those on each side of it have ex- 
panded the blossoms they contain. 

CO. Sorb Ot Bodl. It may be useful 
to enumerate the kinds of bads which 
have now been mentioned, referring 
back to the paragraphs in which the pe- 
culiarities of each are explained. Suds, 
then, are either termijial or lateraL 
They are 

Terminal when they rest on the apex 
of a stem (42). Tlie earliest terminal 
bud is {^.tplumide of the embryo (16). 

Laleral, when they appear on the 
side of a stem: — of which the only 
° regular kind is the 

Axittary (43), namely, those which are situated in 
the axils of leaves. 

Aceettoiy or Supernumerary (59), when two or more 
occur in addition to the ordinary axillary bud. n 

AdvenlUioua (58), when they occur out of the axils and without 
order, on stems or roots, or even on leaves. Any of these kinds 
may be, either 

Naked, when without coverings; or sealy, when protected by 
scales (44, 45). 

Z^ient, when they survive long without growing, and commonly 
without being visible externally (57). 

Leaf-htida, when they contain leaves, and develop into a leaiy 
shoot, 

Flower-lntda, when they contain blossoms, and no leaves, as the 



dq plicfld iida by aid*. - 



.;, Google 



S6 HOKPHOLOQT OF ROOTS. [lBSSON 5. 

ude-boda of Uie Red-Maple, or when the^ are nndeveloped blossoms. 
These we shall have (o consider hereafter. 

Figure 54 represents a epreading-topped tree (American EUn), 
the stem dividing off into branches ; and some spiry trees (Spruces 
on the right hand, and two of the Arbor-Vitse on the left) with ex- 
current stems. > 



LESSON V. 

UORPHOLOGY (i.e. VARIOUS SORTS AND FORMs) OP BOOTS. 

61. Morphology, as the name (derived from two Greek wordf) 
denotes, is the doctrine of forms. In treating of forms in plants, the 
botanist is not confined to an enumeration or descriptioQ of the 
shapes or sorts that occur, — which would be a dull and tedious 
business, — but he endeavors to bring to view the retatiom between 
(me form and another ; and this is an interesting study. 

62. Botanists give particular names to all the parts of plants, and 
also particular terms to express their principal varieties in form. 
They use these terms with great precision and advantage in describ- 
ing the species or kinds of plants. They must therefore be defined 
and explained in our hooks. But it would be a great waste of lime 
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for the young student to leam them hy rote. The student Bhould 
rather consider the connection between one form and another; and 
notice how the one simple plan of the plant, as it has already been 
illustrated, is worked out in thegrealest variety of ways, through the 
manifold diversity of forma which each of its three organs of vege- 
tation — root, stem, and leaf — is made to assume. 

63. This we are now ready to do. That is, having obtained a 
general idea of vegetation, by tracing the plant from the seed and 
the bud into the herb, shrub, or tree, we proceed to contemplate the 
principal forms under which these three oi^ana occur in different 
plania, or in different parts of the same plant ; or, in other words, to 
study the morpkohgy of the root, stem, and leaves. 

64. Of these three organs, the root is the simplest and the least 
varied in its modifications. Still it exhibits some widely difierent 
kinds. Going back to the beginning, we commence with 

65. TbB Sluplt Primarr Boot) which most plants send down from 
the root-end of the embryo as it grows from the seed; as we have 
seen in the Maple (Fig 5-7), Moming-Glory (Fig. 8 and 28), 
Beech (Fig. 14, 15), Oak and Buckeye (Fig. 22-24), &:c^ This, 
if it goes on to grow, makes a main cfr tap root, from which side- 
branches here and there proceed. Some plants keep this main root 
tbronghout their whole life, and send off only small ude branches ; 
as in the Carrot (Fig. &8) and Radish (Fig. 59) : and In some trees, 
like the Oak, it takes the lead of the side-branches for many years, 
unless accidentally injured, as a strong tap-root. But commonly 
the main root divides off very soon, and is lost in the branches. 
We have already seen, also, that there may be at the beginning 

66. Maltiple PrlmBrf RooU. We have noticed them in the Pump- 
kin (Fig. 10), in the Pea (Fig. 20), and in Indian Com (Fig. 42). 
That is, several roots have started all at once, or nearly so, from the 
seedling stem, and formed a bundle or cluster (ti /aacteled root, as 
it is called), in place of one main root. The Bean, as we observe 
in Fig. 18, begins with a main root i but some of its branches soon 
overtake it, and a cluster of roots is formed. 

67. Absorption of Moistnre by Boots. The branches of roots as they 
grow commonly branch again and again, into smaller roots or roodeis ; 
in this way very much increasing the surface by which the plant 
connects itself with the earth, and absorbs moisture from it. The 
whole surface of the root absorbs, so long as it is fresh and new ; 
and the newer the roots and rootlets are, the more freely do they 
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imbibe. Accordingly, as long aa the plant grows above ground, and 
expands freeh foliage, fiom which moisture much of the time lat^^ 
escapes into the air, so long it continues to extend and muldply its 
roots in the soil beneath, renewing and increasing the fresh surface 
toT absorbing moisture, in propordon to the demand from above. 
And when growth ceases above ground, and the leaves die and fall, 
or no longer act, then the roots generallj sl<^ growing, and their 
soft and tender tips bardea. From this period, therefore, until 
growth beg^s anew the next spring, is the beet dme for transplant- 
ing ; especially for trees and shrubs, and herbs so large that they 
cannot well be removed without injuring the roots very much. 

68. We see, on considering a moment, that an herb or a tree 
consists of two great surfaces, with a narrow part or trunk between 
them, — one surface spread out in the air, and the other in the soiL 
These two surfaces bear a certain proportion to each other ; and the 
upper draws largely on the lower fiur 
moisture. Now, when the leaves fall 
from the tree in autumn, the vast sor- 
&ce exposed to the air is reduced to a 
very small part of what it was before ; 
and the remainder, being covered with 
a firm bark, cannot lose much by evap- 
oration. In common herbs the whole 
surface above ground perishes in au- 
tumn ; and many of the rootlets die at 
the same time, or soon afterwards. 
So that the living vegeiable is reduced 
for the time to the smallest compass, 
' — to the thousandth or hundred-thou- 

SEmdth part of what it was shortly 
before, — and what remains alive rests 
in a dormant state, and may now be 
transplanted without much danger of 
harm. If any should doubt whether 
there is so great a difference between 
the summer and the winter size of 
» plants, let them compare a lily-bulb 

1 the full'^rown Lily, or calculate the surface of foliage which 
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a tree exposes to the air, as com{>nred with the sorfkce of its 
twigs. 

69. The absorbing surface of roots is reiy much greater than 
it appears to be, on account of the root-hairs, " 

or slender fibrils, which abound on the fresh and 
new parts of roots. These may be seen with 
an ordinary magnify ing-glass, or even by the 
naked eye in many cases ; as in the root of a 
seedling Maple (Fig. 55), where the surface is 
thickly clothed with tliem. They are not root- 
lets of a smaller sort ; but, when more magnified, 
are seen to be mere elongations of the surface 
of the root into slender tubes, which through 
their very delicate walls imbibe moisture from 
the soil with great avidity. They are com- 
monly much longer than those shown in Fig. 
56, which represents only the very tip of a root 
moderately magnified. Small as they are indi- 
vidually, yet the whole amount of absorbing 
surface added to the rootlets by the countless 
numbers of these tiny tubes is very great 

70. Roots intend- 
ed mainly for ab- 
sorbing branch free- 
ly, and are slender 
or thread-like. When the root is prin- 
cipally of this character it is said to be 
Jibrous; as in Indian Com (Fig. 42), 

and other gnia, and to some extent in 
all annual plants (41). 

71. Tht Koot u a Slonhame of Food. 

In biennial and many perennial herbs 
(41), the root answers an additional 
purpose. In the course of the season it 
becomes a storehouse of nourishment, 
and enlarges or thickens as it receives 
H the accumuUition. Such roots are said 

to be Jlethg ; and different names are applied to them according to 
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their shapes. We may diviOe tliftn all into two kinds ; 1st, those 
coiisLstiiig of one mitln itwl, and 2il, lhtM^e without uny main root. 

72. Tht; first ai-c merely different sha|jes of the tap-root % ivhich is 

Conical, when it tliickens most at llie crown, or where it joins 
the stem, and tapers regulitrly downwards to a point, sa in the 
Common Beet, tlie Parsnip, and Carrot (Fig. 58) : 

Titniip-ihaped or napiform, when greatly tliitliened above ; but 
abruptly becoming slender below ; as the Tuniip (Fig. 57) : and, 

Spindle-shaped, or fusiform, when Ihickest in the middle and 
tapering to both ends; as the common Radish (Fig. 59). 

73. In the second kind, where there 
is no main root, the store of nourishing 
matter may be distributed throughout 
the branches or cluster of roots gener- 
ally, or it may be accumulated in soma 
of then), as we see in the tvberout roots 
of the Sweet Potato, the common Peony, 
and the Diihliit (Fig. 60). 

74. All but the last of these illustra- 
trations are taken from biennial plants. 
These groiv with a large tult of leaves 
next the ground, and accumulate nour- 
ishment all the fir£t summer, and store 
up alt they produce beyond what is 
wanted at the time in their great root, 

» which lives over the winter. We know 

very well what use man and other animals make of this store of food, 
in the form of starch, sugar, jelly, and the like. From the second 
year's growth we may learn what use the plant itself makes of it. 
The new shoots then feed upon it, and use it to form with great 
rapidity branches, flower-stalks, blossoms, fruit, and seed ; and, having 
used it up, the whole plant dies when the seeds have ripened. 

75. In the same way the nourishment contained in the separate 
tuberous roots of the Sweet Potato and the Dahlia (Fig 60) is fed 
upon in the spring by the buds of the stem they belong to ; and 
as they are emptied of their contents, they likewise die and decay. 
But meanwhile similar stores of nourishment, produced by the second 
year's vegetation, are deposited in new roots, which live through the 

uf Uie Dalilia, wlUi the boltam of Iba Hleni tliey 
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next ninter, and sustain the third spring's growth, &nd so on ; — 
these planU being ^ermmo/ (41), or lasting jear after year, though 
each particular root lives little more than one year. 

76. Many things which commonly pass Tor roots are not really 
roots at all. Common potatoes are tuberous parts of stems, while 
sweet potatoes are roots, like those of the Dahlia (Fig. 60). The dif- 
ference between them wiU more plainly appear in the next Lesson. 

77. Stcondirf Rootl. So far we have considered only the original 
or primary root, — that which proceeded from the lower end of the 
Rnt joint of stem in the plantlet springing from the seed, — and its 
subdivisions. We may now remark, that any other part of the stem 
will produce roots just as well, whenever favorably situated for it ; 
that is, when covered by the soil, which provides the darkness and 
the moisture which is congenial to them. For these teeondary roots, 
as they may be called, partake of the ordinary, disposition of the 
organ : they avoid the light, and seek to bury themselves in the 
ground. In Indian Com we see nmts early striking from tiie second 
and the succeeding joints of stem under ground, more abundantly 
than from the first joint (Fig. 42). And all stems that keep up a 
connection with the soil — such as those which creep along on or 
beneath its surface — arc sure to strike root from almost every joint. 
So wilt most branches when bent to the ground, and covered with 
the soil ; and even cuttings from the branches of most plants can be 
made to do so, if properly managed. Propagation by buds depends 
upon this. That is, a piece of a plant which has stem and leaves, 
either developed or in the bud, may be made to produce roots, and 
so become an independent plant 

78. In many plants the disposition to strike root is so strong, that 
they even will spring from the stem above ground. In Indian Corn, 
for example, it is well known that roots grow, not only from all those 
joints round which the earth is heaped in hoeing, but also from those 
several inches above the soil : and other plants produce them from 
stems or branches high in the air. Such roots are called 

79. Acri&] Roots. All tlie most striking examples of these are met 
with, as we might expect, in warmer and damper climates than ours, 
and especially in deep forests which shut out much of the light ; this 
being unfavorable to roots. The Mangrove of tropical shores, which 
occurs on oar own sonthem borders ; the Sugar Cane, from which 
roots strike just as in Indian Com, only from higher up the stem ; 
the Fandanus, called Screw Pine (not from its resemblance to a 
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Pine-tree, but because it ia like a Pine-apple plant) ; and the famous 
Banyan of India, and some other Fig-trees, furnish the most remark* 
able examples of roots, which strike from the stem or tbe branches 
in the open air, and at lenglh reach the ground, and burjr tbem- 
selvea, when thej' act in the enme manner as ordinary roots. 

80. Borne of our oivn common plants, however, produce small 
aerial roothtt ; not for absorbing nourisliment, but for climbing. By 
these rootlets, that shoot out abundantly from the side of the stems 
and branches, the Trumpet Creeper, the Ivy of Europe, and our 
Poison Rhus, — here called Poison Ivy, — fasten themselves firmly 
to walls, or the trunks of trees, often ascending to a great height. 
Here roots serve the same purpose that tendrils do in the Grape- 
Vine and Virginia Creeper. Another form, and the most aerial of 
all roots, since they never reach the ground, are those of 

81. EpiphjIlS, or JirPlGDtS. These are called by the first name 
(which means growing on plants), because ihey are generally found 
upon the trunks and branches of trees ; — not that Ihey draw any 
nourishment from them, for their roots merely adhere to the bark, 
and they flourish just as well upon dead wood or any other con- 
venient support. They are called air-planlt because they really 
live altogether upon what ihey get from tbe air, as they have no 
connection with the soil. Hundreds of air-planis grow all around 
us without attracting any attention, because Ihey are small or hum- 
ble. Such are tbe Lichens and Mosses that abound on the trunks 
or boughs of trees, especially on the sliaded fide, and on old walls, 
fences, or rocks, from which they obtain no nourishment. But this 
name is commonly applied only to the lai^r, flower-bearing plants 
which live in this way. These belong to warm and damp parts of 
the world, where there is always plenty of moisture in the air. Tbe 
greater part belong to the Orchis family and to tlie Pine-Apple 
family ; and among them are some of the handsomest flowers known. 
We have two or three flowering air-plants in the Southern States, 
though they are not showy ones. One of them is an Epidendrum 
growing on the boughs of the Great-flowered Magnolia : another is 
the Long-Moss, or Black Moss, so called, — although it is no Moss 
at all, — which bangs from the branches of Oaks and Pines in all 
the warm parts of the Southern Staler. (Fig 61 represents both 
of these. The upper is the Epidendrum conopseum ; the lower, tbe 
Black Moss, Tillandsia usneoides.) 

82. Parasitic PluU exhibit roots under yet another remai'kable 



D,g,t,.,.d.i. Google 



5.} UORPBOLOOT or BOOT8. 85 

aspect. For these are not merely fixed upon other plants, as lur- 
planta are, but strike their roots, or what answer to roots, into them, 
and feed on iheir juices. Not only Moulds and Blights (which are 
plants of very low oi'^^anization) live in this predacious way, but 
many flowering herbs, and even shrubs. One of the latter is the 
Mistli;toe, the seed of which germinates on the bough of Ihe tree 
where it falls or is lefl by birds ; and the fonning root penetrates the 
bark and engrafts itself into the wood, to which it becomes united as 
firmly as a natural branch to its parent stem ; and indeed the parasite 
lives Just as if it were a branch of the tree it grows and feeds on. 
A most common parasitic herb is the Dodder; which abounds in 
low grounds everywhere in summer, and coils its long and slender 
leafless, yellowish stems — resembling tangled threads of yam — 
round and round the stalks of other plants ; wherever they touch 
piercing the bark with minute and very short rootlets in the form of 
suckers, which draw out the nourishing juices of the plants laid hold 
of. Otlier parasitic plants, like the Beech-drops and Fine-sap, fasten 
their roots under ground upon the roots of neighboring plants, and 
rob them of their rich juices. 
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LESSON VL 

/ MORPIIOLOOV OF BTEMS AND 

83. Tbk growth of the stem in length, and the formation of 
branches, have been considered already. Their growth in lliick- 
ness we may study to more advantage in a later Lesson. The very 
various forms which they assume will now occupy our attention, — 
beginning with 

84. The Forms of Sttnu and Branthn abore gninnd. The principal 
■differences as regards size and duration have been mentioned before 

(41); namely, the obvious distinction of plants into herbs, shrubs, 
amd trees, which depends upon the duration and size of the stem. 
The stem ia accordingly 

Herbaceous, when it dies down lo the ground every year, or after 
blossoming. 

Suffruletcent, when the bottom of the stem above the soil is a 
little woody, and inclined to live from year to year. 

Suffhtticose, when low stems are decidedly woody below, but 
herbaceous above. 

FruticoK, or shnMy, when woody, living from year to year, and 
of considerable size, — not, however, more than three or four times 
. the height of a man. 

Arborescent, when tree-like in appearance, or approaching a tree 

Arboreoua, when forming a proper tree trunk. 

85. "When the stem or branches rise above ground and are ap- 
parent to view, the plant is said lo be caulescent (that is, to have a 
caiilis or true stem). When there is no evident stem above ground, 
but only leaves or leaf-stalks and flower-stalks, the pknt is said le 
be acaulesceTtl, i. e. stemlesi, as in the Crocus, Bloodroot, common 
■Violets, &C., and in the Beet, Carrot, and Radish (Fig. 59), for the 
first season. There is a stem, however, in all such cases, only it 
remiuns on or beneath the ground, and is sometimes very short. 
Of couri^e leaves nnJ (lowei-s do not arise from ihe root These 
concealed sorts of stem we will presently study. 

86. The directioQ taken by stems, fcc^ or their mode of growth, 
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gives 1-iae to several terms, which may be briefly mentioned! — 
such as 

Diffuse, when loosely spreading in all directions. 

Declined, when turned or bending over to one side. 

Decumbent, reclining on the ground, as if too weak to stand. 

Auurgent or ascending, when rising obliquely upwards. 

Procumbent or prostrate, lying flat on the ground from the first. 

Creeping, or repent, when prostrate stems on or just beneath the 
ground strike root as they grow ; as does the White Clover, the 
lit lie Partridge-berry, &c 

Climbing, or scandent, when stems rise by dinging to other ob- 
jects for support, — whether by tendrils, as do the Pea, Grape- 
Vine, and Virginia Creeper (Fig. 62) ; by their twisting leaf-stalka, 
as the Virgin's Bower ; or by rootlets, like the Ivy, Poison Ivy, and 
Trumpet Creeper (80). 

Tioimng, or voluble, when stems rise by coiling themselves spirally 
around other stems or supports ; like the Morning-Glory and the Bean. 

87. Certain forma of stems have received distinct names. The 
jointed stem of Grasses and Sedges is called by botanists a ctUm; 
and the peculiar scaly trunk of Palms and the like (Fig. 47) is 
sometimes called a caudex. A few forms of branches the gardener 
distinguishes by particular names ; and they are interesting from 
their serving for the natural propagation of plants from buds, and 
for su^esling ways by which we artificinlly multiply plants that 
would not propagate themselves without the gardener's aid< These 
are suchrs, offsets, stolons, and runners. 

88. Sucktn are ascending branches rising from stems under ground, 
such as are produced so abundantly by the Eose, Raspberry, and 
other plants said to multiply " by the root" If we uncover them, 
we see at once the great difference between these subterranean 
branches and real roots. They are only creeping branches under 
ground. Remarking how the upright shoots from these branches 
become separate plants, ^mply by the dying ofiT of the connecting 
undei^ground stems, the gardener expedites the result by cutting 
them through with his spade. That is, he propagates the plant " by 
division." 

89. Sloloil!! are trailing or reclining branches above ground, which 
strike i-oot whei-e they touch the soil, and then send up a vigorous 
shoot, which has roots of its own, and becomes an independent plant 
when the connecting part dies, as it does after a while. The Curruit 
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and th« Gooseberry naturally multiply in this way, aa well as by 
Buckers (which we see are just the same thing, only the connecting 
part is concealed under ground). They must have suggested the 
operation of layering, or bending down and covering with earth 
branches which do not naturally make elolons ; and after they have 
taken root, aa they almost always will, the gardener cuts through 
the connecting stem, and so converts a rooting branch into a sepa- 
rate plant. 

90. Offnbt like those of the Honseleek, are only short stolons, 
with a crown of leaves at the end. ^ 

91. RDnncn) of which the Strawberry presents the moet lamiliar 
example, are a long and slender, tendril-like, leafless form of creep- 
ing branches. Each runner, after having grown to its fiill length, 
strikes root from the tip, and fixes it to the ground, then forms a bud 
there, which develops into a tuft of leaves, and so gives rise to a new 
plant, which sends out new runners to act in the same way. In thia 
manner a single Strawberry plant will spread over a large space, or 
produce a great number of plants, in the course of the summer ; — all 
condecled at first by Uie slender runners ( but these die in the 
following winter, if not before, and leave the plants as so many 
separate individuals. 

92. Tendrils are branches of a very slender sort, like runners, not 
destined like them for propagation, and therefore always destitute 



of buds or leaves, but intended for climbing. Those of the Grape- 
vine, of the Virginia Creeper (Fig. 62), and of the Cucumber and 
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Squash tribe are familiar illustrations. The tendril commonly grows 
straight and outstretched until it reaches some neighboring support, 
Buch as a stem, when its apex hooks around it to secure a hold ; 
then the whole tendril shortens itself hj coiling up spirally, and so 
draws the shoot of the growing plant nearer to the supporting object. 
When the Vir^nia Creeper climbs the side of a building or the 
smooth bark of a tree, which the tendi-ils cannot lay hold of in the 
usual way, their tips expand into a flat disk or sucker (Fig. 62, 63), 
which adheres very firmly to the wall or bark, enabliug the plant to 
climb over and cover such a surface, as readily as the Ivy does by 
means of its sucker-like little rootlets. The same result is effected 
by different organs, in the one case by branches in the form of ten- 
drils; in the other, by roots. 

93. Tendrils, however, are not always branches; amne are leaves, 
or parts f^ leaves, as those of the Pea (Fig. 20). Their nature in 
each case is to be learned from their position, whether it be that of 
a leaf or of a branch. In the same way 

94. SpiHtS or ThnrDS sometimes represent leaves, as in the Bar- 
berry, where their nature is shown by their situation outei't^ of an 
axillary bud or branch. In other words, here they have a bud in 
their axil, and are therefore leaves ; so we shall have to mention 
them in another place. Most commonly spines are stunted and 
hardened branches, arising from the axib of leaves, as in the Haw- 
thorn and Pear. A neglected Pear-tree or Plum-tree shows every 
gradation between ordinary branches and thorns. Thorns sometimes . 
branch, their branches partaking of the same spiny character: in 
this way those on the trunks of Honey-Locust trees (produced from 
adventitious buds, 53) become exceedingly complicated and hon-id. 
The thorns on young shoots of the Honey-I^cusl may appear sotm- 
what puzzling at first view ; for they are situated some distnnc<; 
above the axil of the leaf. Here the thorn comes from the upper- 
most of several supernumerary buds (59). Prickles, such as those 
of the Kose and Blackberry, must not he confounded with thorns : 
these have not the nature of branches, and have no connection with 
the wood ; but are only growths of the bark. When we strip off 
the bark, the prickles go with it. 

95. Still stranger forms of stems and branches than any of these 
are met with in some tribes of plants, such as Cactuses (Fig. 76). 
These will be more readily understood after we have considered 
some of the conunoner forms of 
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9* SnbttiraiKin Stont and BlUCbes. These are veiy numerous 
and various ; but they are commonly overlooked, of ebe confounded 
with roots. From their situation they are out of the sight of the 
superficial observer : but if sought for and eifamined, they will well 
repay the student's attention. For the vegetation that is carried on 
under ground is hardly less varied, and no less interesting and im- 
portant, than that which meets our view above ground. AU iheir 
forms may be referred to four principal kinds ; namely, the Rhixo- 
ma or BooUloek, the TtAer, the Corm, and the Bulb. /^ 

97. Tbe KootsloCkt or Rbizoma, in its simplest form, is merely a 
creeping stem or branch (8G) growing beneath the surface of the 
soil, or partly covered by if. Of this kind are the so-called creeping, 
running, or scaly tooU, such as those by which tlie Mint (Fig. 64), 
the Scotch Rose, the Couch-grass or Quick^rass, and many other 
plants, spread so rapidly and widely, " by the root," as it is said. 




That these are really stems, and not roots, ia evident from the way 
in which they grow; from their consisting of a succession of joints; 
and from the leaves which they bear on each joint (or noih, as 
the botanist calls the place from which leaves arise), in the form of 
small sc^es, just like the lowest ones on the upright stem next the 
ground. Like other stems, they also produce buds in the axils of 
these scales, showing tbe scales to be leaves ; whereas real roots 
bear neither leaves nor axillary buds. Placed, as they are, in the 
damp and dark soil, such stems naturally produce roots, just as ihe 
creeping stem does where it lies on the surface of the ground ; but 
the whole appearance of these roots, their downward growth, and 
their mode of branching, are very different from that of the subter- 
ranean stem they spring from. 

98. It is easy to see why plants with these ronning roolstocks take 
such rapid and wide possession of the soil, — often becoming great 
pests to farmers, — and why they are so hard to get rid of. They ai'e 

FIG. 64. SooUtocIu, oi cr*e[rinE niblamueaH breochei, at Uw Feppemiiiit. 



D,g,t,.,.d.i. Google 



LESSON 6.] etl8TI£RRAKEAIt FORMS : BOOTSTOCKS. 41 

always perennials (41) ; the eubtcrranean Ehcxits live over tbe first 
winter, if not longer, and are provided with vigorous, buds at every 
joint. Some of these buds grow in spring into upriglit stems, bearing 
foliage, to elaborate ilie plant's crude food into nourishment, and at 
length produce blossoms for reproduction by seed j while many oth- 
ers, fed by nourishment supplied from above, form a new geoeration 
of subterranean shoots ; and this is repeated over and over in the 
course of the season or in succeeding years. Meanwhilo as the eub- 
lerronean shoots increase in number, Uic older ones, connecting the 
series of generntions into one body, die off year by year, liberating 
the already rooted side-branches as so many separate plants j aod 
so on indefinitely. Cutting these running rootstocks into pieces, 
therefore, by the hoc or the plough, far from destroying the plant, 
only accelerates the propaga^on ; it converts one many-branched 
plant into a great number of separate individuals. Even if you 
divide the shoots into as many pieces as there are joints of stem, 
each piece (Fig. 65) is already a plantlet, with its roots and with a 
bud ID tbe axil of its scale-like leaf (either latent or apparent), and 
having prepared nourishment enough in the bit of 
stem to develop this bud into a leafy stem ; and so , 
a single plant is all the more speedily converted 
into a multitude. Such plants as the Quick- 
grass accordingly realize the fable of the Hy- 
dra; as fast as one of its many branches is cut „ 
off, twice as many, or more, spring up in its stead. Whereas, when 
the subterranean parts are only roots, cutting away the stem com- 
pletely destroys the plant, except in the rather rare cases where the 
root produces adventitious buds {58). 

99. The more uourishment rootstocks contain, the more readily do 
< separate portions, furnished with buds, become independent plants. 

It is to such underground stems, thichened with a large amount of 
starch, or some similar nourishing matter stored up in their tissue, 
that the name ofrAizoma or rootstock is commonly applied; — such, 
for example, as those of the Sweet Flag or Calamus, of Ginger, of Iris 
or Flower-de-luce (Fig. 133), and of the Sol<Mnon'3 Seal (Fig. 66). 

100. The rootstocks of the common sorts of Iris of the gardens 
usually lie on the surface of the ground, partly uncovered; and 
they bear real leaves (Fig. 133), which closely overlap eacli other ; 

TIG. a. A piMsnr ili« ninniDfrDOUIockaf Uh Feppvrniinc, villi iu DOde « joint, ud 
■D ulUu)' bud teadf lo giuw. 

4* 
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the joiots (L e> the inUmodeg, or spaces between each leaf) being 
very short. As the leaves die, year by year, and decay, a scar 
lefl in Ihe form of a ring marks the jilace where eacli leaf was 
attached. Instead of leaves, rootstocks buried under ground com- 
monly bear scales, like those of the Mint (Fig. 64), which are im- 
perfect leaves. 



101. Some rootstocks are marked with large roand scars of a 
different sort, like those of the Solomon's Seal (Fig. 66), which gave 
t^ia name to the plant, from their looking something like the impres- 
sion of a seal upon wax. Here the roolstock sends up every spring 
an herbaceous stalk or stem, which bears the foliage and flowers, 
and .dies in autumn ; and the »tal is the drcular scar lefl by the 
death and separation of the dead stalk from the living rootstock. 
As but one of these is formed each year, they mark the limits of a 
year's growth. The bud at the end of the rootstock in the figure, 
which was taken in summer, will grow the next spring into the stalk 
of the season, which, dying in autumn, will leave a similar scar, while 
another bud will be formed farther on, crowning the ever-advancing 
Eummit or growing end of the stem. 

102. As each year's growth of stem, in all 
these cases, makes its own roots, it soon becomes 
independent of the older parts. And after a 
certain age, .a portion dies off behind, every 
year, about as fast as it increases at the grow- 
ing end; — death following life with equal and 
certain step, with only a narrow interval be- 
tween. In vigorous plants of Solomon's Seal 
or Iris, the living rootstock is several inches or 
a foot in length ; while in the short rootstock of 

FiO. 66. Boouiock of SoIdniDD'e Beil, wilb IhsbotloinoribtMalk oruiouuan, and ths 
FIG. 67. Tlis veiy ■bDiinwiilockudbudaCaTTillluinocBirUinat. 
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Trillium or Birthroot (Fig. 67) life is reduced to a very narrow 
span, ooly an iucli or less intervening between death beneath and 
youDg life in the strong buJ annually renewed at the summit, 

103, A Tubtr is a thickened portion of a rootstock. When slender 
Bubterraneao branches, like those of the Quick-grass or Mint (Fig. 
64), become enlarged at the grawing end by the accumulation there 
of an abundance of solid nourishing matter, lubert are produced, like 
those of the Nut-grass of the Southern States (which accordingly be- 
comes a greater pest even than the Quick-grass), and of the Jerusaleni 
Artichoke, and the Potato, The whole formation may be seen at a 
glance in Figure 68, which represents the subterranean growth of a 
Potato-plant, and shows the tubers in ail their stages, from shoots 
jtist beginning to enlarge at the tip, up to fiilly-formed potatoes. 
And Fig. 69, — one of the forming tubers moderately magniSed, — 
plainly shows tlie leaves of this thickening shoot, in the form of little 
Bcales. It is under these scales tiiat the et/et appear (Fig. 70) : 
and these are evidently axillary buds (43), 



104. Let us glance for a moment at the economy or mode of life 
of the Potato-plant, and similar vegetables, na shown in the mor- 

FIG. 68. Forming (uben of th« PoUto. OS. Oiie oftlie veiy young polMDM, modBntdjr 
mM'ii'M. 70, SIfMof *paniaatlirougb u «y*, mon nufniAed. 
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pkology of the branches, — that is, in the different forms Ihey appear 
under, and the purposes they serve. The Potato-plant lias iliree 
principal forma of branches : — 1. Tliose that bear ordinary leaves, 
expanded in the air, to digest what they gather from it and what 
the ixiols gather from the soil, and convert it into nourishmenL 
2, After a while a second set of braiiclies at the summit of the 
plant bear flowers, which form fruit and seed out of a portion of the 
nourishment which the leaves have prepared. 3. But a larger part 
of Ibis nourishment, while in a liquid slate, is earned down the stem, 
into a thii'd sort of branches under ground, and accumulated in (he 
form of starch at their extremities, which become tubers, or deposi- 
tories of prepared solid food; — jost as in the Turnip, Carrot, 
Dahlia, && (Fig. o7 - GO), it is deimsited in the root The use 
of the store of food is obvious enough. In the autumn the whole 
plant dies, except the seeds (if it formed them) and the tubers; and 
the latter are left disconnected in Ihe ground. Just as that small 
portion of nourishing matter which is deposited in the seed (3, and 
Fig. 34) feeds the embrjo when it germinates, so the much larger 
portion deposited in the tuber nourishes its buds, or eyes, when they 
likewise gi'Ow, the next spring, into new plants. And the great 
supply enables them to shoot with a greater vigor at the beginning, 
and to produce a greater amount of vegetation than the seedling 
plant could do in the fame tpace of time ; whicli vegetation in turn 
may prepaie and store up, in ihe course of a few weeks or months, 
the largest quantity of solid nourishing material, in a form most 
available fur food. Taking advantage of this, man has transported 
the Potato from the cool Andes of South America to other cool cli- 
mates, and makes it yield him a copious supply of food, especially in 
countries where the season is too short, or the summer's heat too 
little, for profitably cultivating the principal gr^n-plants. 

105. All the sorts of subterranean stems or branches distinguished 
by botanists pass into one another by gra^tttions. We have seen 
how nearly related the tuber ia to the roolstock, and there are many 
cases in which it is difficult to say which ia the proper name to use. 
So likewise, 

106. Ths Com, or Solid Bolb, like that of the Indian Turnip and 
the Crocus (Fig. 71), is just a very short and thick rootstock ; as 
will be seen by comparing Fig. 71 with Fig. C7. Indeed, it grows 
BO very little in length, that it is often much broader than long, as 
in the Indii '■ Turnip, and the Cyclamen of our greenhouses. Corms 
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are usually upright, producing buds on their upper EuHace and 

roots from the lower. But (as we see in the Crocus here flguretl) 

budd may shoot from just above any of the faint cross lines or 

rings, which are the scars left by the death " 

and decay of the sheathing bases of former 

leaves. That is, these are axillary bud^. In 

these extraordinary (just as in ordinary) stems, 

the buds are either axillary or terminal. The 

whole mode of growth is just the same, only 

the corm does not increase in length faster 

than it does in thickness. Aflcr a few years 

some of the buds grow into new corms at the 

expense of the old one ; the young ones taking 

the nourishment from the parent, and storing 

up a large part of it in Ihcir own tissue. 

When exhausted in this way, as well as by 

lowering, the old corm die^, and its sbri\clled 

and decaying remains may be found at the side of or beneath the 

present generation, as we see in the Crocus (Fig. 71). 

107. The corm of a Crocus is commonly covered with a Ihin and 
dry, scaly or fibrous husk, consisting of the dead remains of the bases 
of former leaves. When this husk consists of many scales, there b 
scarcely any distinction left between the conn and 

108. The Bulb. This is an extremely sliort subterranean stem, 
usually much brooder than high, producing roots from underneath, 
and covered with leaves or the bases of leaves, in the form of thick- 
ened scales. It is, therefore, the same as a corm, or solid bulb, only 
it bears an abundance of leaves or scales, which make up the greater 
part of its bulk. Or we may regard it as a hud, with thick and 
fleshy scales. Compare a Lily-bulb (Fig. 78) with the strong scaly 
buds of the Hickory and Horsechestnut (Fig. 48 and 49), and the 
resemblance will be apparent enough. 

109. Bulbs serve the same purpose as tubers, rootstocks, or corms. 
Tlie main difference is, that in these the store of food for future 
growth is deposited in the stem ; while in the bulb, the greater part 
b deposited in the bases of the leaves, chaiiging them into thick 
scales, which closely overlap or enclose one another, because the 
stem does not elongate enough to separate them. That the scales 

na.Ti. CofmoTiolldbulbDraCmau. 79. Tlianine.cm ibnaglilsiiglliwiH. 
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of the bulb are the bases of leaves may be seen at once by follow- 
ing any of the ground-leaves (root-Ieavea as they are incorrectly 
called) down to their 
origin in the bulb. 
Fig. 75 represents 
one of them from 
the White Lily; tlie 
thickened base, which 
makes a scale, being 
cut off below, to Ehow 
its thickness. Afier 
n n having lasted its time 

and served its purpose as foliage, the green leaf dies, down to llie 
thickened base, which remains as a scale of the bulb. And year 
after year, as the bulb grows from the centre, to produce the rcge- 
tatiui and the flowers of the season, the outer scales yield up llieir 
Store of nourishment for the purpose, and perish. 

110. Each scale, being a leaf, may have a. bud in its axik Some 
of these buds grow into leafy and flowering steins 

above ground : others grow into new bulbs, feeding 
on the parent, and at length destroying it, in the same 
way that conns do, as just described (106). 

111. When the scales are broad and enwrap all 
that is within so as to form a succession of coats, one 
over another, the bulb is said to be tunicated qt coated. 
The TuUp, Hyacinth, Leek, and Onion afTbrd such 
familiar examples of coated bulbs that no figure is 
needed. When the scales are narrow and separate, 
as in the Lily (Fig. 73), the bulb is said to be icaly. 

f.. 112. BnlbletR are small bulbs formed above ground 
on some plants ; as in the axils of the leaves of the 
common bulbiferous Lily of the gardens, and often in 
the flower-duBtera of the Leek and Onion. They are 
plainly nothing but bulbs with thickened scales. They 
never grow into branches, but detach themselves when jj 

full grown, and fall to the ground, to take root there and foim 
new plants. 

113. From the few illustrations already given, attentive students 

FIG. 73. BulbartheMendDwotOnidiUly. 74. T]i« xanis, n>t Ihnnigh len^lbwiiK. 
PIG. 75. Alow«rl«i(orwii[ieyiy, withili Imk undar iraund ihlcksned iniuabulb- 
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can hardly &il to otitain a good idea of what is meant by morrphology 
ia Botany ; and they will be able to apply its simple principles for 
themselves to nil forms of vegetation. They will find it very inter- 
eating lo identify all these Tarious subterranean forms with the com- 
mon plan of vegetation above ground. There is the same structure, 
and the same mode of growth in reality, however different in ap- 
pearauce, and however changed the form, to suit particular conditions, 
or to accomplish particular ends. It U plain to see, already, tiiat 
the plant is constructed according to a plan, — a very simple one, — 
which is exhibited by all vegetables, by the extraordinary no less 
than by the ordinary kinds ; and that the same oi^an may appear 
under n great many different shapes, and fulfil very different ofiices, 

114. These extraordinary ebapes are not confined to subterra- 
nean vegetation. They are all repeated in various sorts d jkthy 
planU; in the Houseleek, Aloe, Agave (Fig. 82), and in the many 
and strange shapes which the Cactus family exhibit (Fig. 7G) ; 
sht^KS which imitate root^locks, tubers, conns, &c. above ground. 
All these we may regard as 

115. CoRMlidated Ponm oT TegKalion. While ordinary plants are 
constructed on the plan of great spread of surface (131), these 
are formed on the plan of the least possible amount of surface in 
proportion to their bulk. The Cereus genus of Cactuses, for ex- 
ample, consisting of solid columnar trunks (Fig. 76, b), may be 
likened to rootstocks. A green rind serves the purpose of foliage ; 
but the surface ia as nothing compared with an ordinary leafy plant 
of the same bulk. Compare, for instance, the largest Cactus known, 
the Giant Cereus of the Gila River (Fig. 76, in the background), 
which rises to the height of fitly or sixty feet, with a common leafy 
tree of the same height, such as that in Fig. 54, and estimate hoir 
vastly greater, even without the foliage, the Burface of the latter 
is than that of the former. Compare, in the same view, an Opuntia 
or Prickly-Pear Cactus, its stem and branches formed of a succes- 
sion of thick and flattened joints (Fig. 76, a), which may he likened 
to tubers, or an Epiphyllum (rf), with shorter and flatter joints, with 
an ordinary leafy shrub or herb of equal size. And finally, in 
Melon-Cactuses or Echinocactus (c),with their globular or bulb-like 
shapes, we have plants in the compactest shape ; their spherical fig- 
ure being such as to expose the least possible amount of its hulk 
to the air. 

116. These contoUdated plantt are evidently adapted and designed 
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tM very dry regioni ; and in snch aa\j are llicj found. Simibrtj', 
bulbous and carm-beariog plants, and the like, are examples of a 
form of vegetation wbich in the growing geason may exgtond n Iitrge 
surface to the air and light, while during the period of rest the 
living vegetable is reduced to a globe, or solid fonn of the least 
possible surface ; and this is protected by its outer coats of dead 
and drj scales, as well aa by its situation under ground. Such 
plants exhibit another and very similar adaptation to a season of 
drought And they mainly belong to countries (such as Southern 
Africa, and parts of the interior of Oregon and California) which 
have a long hot season during which little or no rain falls, when, 
their stalks and foliage above and their rooLi beneath being early cut 
otF by drought, (he plants rest securely in their compact bulbs, Glled 
with nourisliment, and retaining their moisture with great tenacity, 
until the rainy season conies round. Tlien they shoot forth leaves 
and flowers with wonderful rapidity, and what was perlinps a desert 
of arid sand becomes green with foliage and gay with blossoms, 
almost in a day. Tliis will be more perfectly understood when the 
nalure and use of foliage have been more fully considered. (Fig. 76 
represents sevend forms of Cactus vegetation.) > 
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LESSON VII. 

MORPHOLOGY OP LEAVES. 
II. 

117. Ih describing the eubterntDean forms ot the Btem, we have 
been led to notice already Eome of the remarkable forms under 
which leaves occur ; namely, as tcales, sometimes small aud thin, as 
those of the rootstocks of the Quick-grass, or the Mint (Fig. 64), 
sometimes large and thick, as those of bulbs (Fig. 73 - 75), where 
tbej are commonly larger than the stem they belong to. TVe have 
seen, too, in the second Lesson, the seed-leaves (or co^ledons) in 
forms as unlike foli^e as possible ; and in the third Lesson we have 
spoken of bud-scales as a sort of leaves. So that the botanist reco^ 
nizes the leaf under other forms than that of foliage. 

118. We may call foliage the naturai form of leaves, and look 
upon the other sorts as tpecial forms, — as trantformed leaves: by 
this term meaning only that what would have I>een ordinary leaves 
under oUier circumstances (as, for instance, those on shoots of Mint, 
Fig. 64, had these grown upright in the air, instead of creeping under 
ground) are developed in special forms to serve some particular 
purpose. For the Great Author of Nature, having designed plants 
upon one simple plan, just adapts this plan to all cases. So, when- 
ever any special purpose is to be accomplished, no new instruments 
or organs are created for it, but one of the three general organs of 
the vegetable, root, ttem, or leaf, is made to serve the purpose, and 
is adapted to it by taking some peculiar form. 

119. It is the study of the varied forms under this view that con- 
stitutes Morphology (61), and gives to this part of Botany such great 
interest. We have already seen stems and roots under a great 

^ variety of forms. But leaves appear under more various and widely 
different forms, and answer a greater variety of purposes, than do 
both the other organs of the plant put t<^ther. We have to con- 
Hder, then.&ovei as foliage, extA leaves as something else than foliage. 
As we have just been noticing cases of leaves that are not foliage, 
we may consider these first, and enumerate the principal kinds. 

120. LeavM Bl Depositories o[ Food, Of these we have had plenty 
of instaoces in the seedJeaves, such as those of the Almond, Apple- 
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Med (Fig. U), Beech (Fig. 13- 15), the Bean and Pea (Fig. 16- 

20), the Oak (Fig. 21, 22), and Hersecbeetnut (Fig. 23, 24) ; nhere 

the food upon which the plantlet feeds when it eprings from the 

seed is stored op in its cotyledons or first leaves. And we have 

noticed how very uoUke foli^;e auch leaves are. Yet in some cases, 

as in the Pumpkin (Fig. 10), they 

actually grow into green leaves aa 

they get rid of their burden. 

121. BillHSeala (Fig. 73-75) of- 
&r another instance, which we were 
considering at the close of the last 
Lesson. Here a part of the nourish- 
ment prepared in the foliage of one 
year is stored up in the scales, or 
enblerranean thickened leaves, for the 
early growth and flowering of the next 
year ; and this enables the flowers to 
appear befbre the leaves, or as soon 
as they do ; as in Hyacinths, Snow- 
drops, and many bulbous plants. 

122. Lam U Bnd-Ksltl, tc. True 
to its nature, the stem produces 
leaves even under ground, where 
they cannot serve as foliage, and 
where oflen, as on rootstocks and 
tubers (97-103), they are not of 
any use that we know of. In such 
cases they usually appear as thin 
scales. So the first leaves erf* the 
stems of herbs, as they sprout from 
the ground, are generally mere scales, 
such as those of an Aspar^us shoot; 
and such are the first leaves on the 
stem of the seedling Oak (Fig. 22) 
and the Pea (Fig. 20). Similar 
scales, however, often serve an im- 
portant purpose; as when they form the covering of buds, where 
they protect the tender parts within (44)- That bud-scales are 
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leaves is plainly shown, in man; cases, by the gradual tranrition 
between them and the first foliage of the shoot The Oonunwi LiluQ 
and the Shell-bark Hickory are good instances 
of the sort But the best illustration is fur- 
nished by the Low Sweet Buckeye of the 
Southern Slates, which is often cultivated as 
an ornamental shrub. From one and the eame 
growing bud we may often find all the grada- 
tions which are shown ia Fig. 77. 

123. Leaves as Spines occur in several plants. 
The most familiar instance is that of the Com- 
mon Barberry. In almost any summer shoot, 
most of the gradations may be seen between the 
ordinary leaves, wilii sharp bristly teeth, and 
leaves which are reduced to a branching spine 
or thorn, as shown in Fig. 78. The fact that 
the spines of the Barbeny produce a leaf-bud 
in their axil also proves them to be leaves. 

124. LeaTM as Tenilrill are to ^ seen in the 
Pea and the Vetch {Fig. 20, 127), where the 
upper part of each leaf becomes a tendril, which 

the plant nses to 

climb by ; and in '" 

one kind of Vetch the whole leaf is 

such a tendril. 

125. Learei as Plt^n, or hollow tubes, 

are familiar to us in tbe common Pitcher^ 
plant or Side-saddle Flower (Sarracenia, 
Fig. 79) of our bogs. These pitchers 
are generally half-full of water, in which 
files and other insects are drowned, often 
in such numbers as to make a rich 
manure for the plant, no doubt ; though 
we can hardly imagine this to be the 
design of the pitcher. Nor do we per- 
ceive here any need of a contrivance 
„ to hold water, since the roots of these 

plants are alwa3's well supplied by the wet bogs where they grow. 
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126. Inm H tly-trtfL Insecb ue caught in another way, and 
more expertly, by the most extraordiniiry of all the plants of this 

country, the DiooKa or Venua'a Fly- 
trap, which grows in the sandy bogs 
around Wilmington, North Carolina. 
Here (Fig,8I) each leaf beara at its 
summit an appendage which opens and 
shuts, in Bhape eomething like a steel- 
trap, and operating much like one. For 
when open, as it commonly b when the 
sun shines, no sooner does a fly alight 
on its EuHace, and brush against any 
one of the several long hristles that grow 
there, than the trap suddenly closes, 
oilen capturing the intruder, pressing it 
all the harder for its straggles, and oota- 
monly depriving it of life. After all 
„ movement has ceased within, the trap 

slowly opens, and is ready fo^anolher capture. Why.thb plant 
catches files, we cannot piBten? to suy. How the thing is done, 
and how various other movements are 
made by plants, — some as quick as in 
this case, others very slow, but all equally 
wonderful, — must be considered in a fu- 
ture Lesson. 

127. liam uttIde bolh Ordinary and 

Special PorpOKI. Let us now remark, that 
the same leaf frequently answers its gen- 
eral purpose, as foliage, and some special 
purpose besides. For example, in the Dio- 
nfea, the lower part of the leaf, and prob- 
ably the whole of it, acts as foliage, while the 
appendage serves its mysterious purpose 
as a fly-catcher. In the Pea and Vetch 
(Fig. 20, 127), the lower part of the leaf 

is foliage, the upper a tendril. In the Pitcher-plants of the Indian 
Archipelago (Nepenthes, Fig. 80) which are not rare in conserva- 
tories, the lower part of the leaf is expanded and acts as foliage ; 
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foiiher on, it is contracted into a tendril, enabling the plant to climb ; 
the end of this tendril is then expanded into a pitcher, of five or 
six inches in length, and on the end of this is a, lid, which exactly 
closes the mouth of the pitcher nnlil after it ia full grown, when the 
lid opens hy a hinge ! But the whole is only one leaf. 

128. So in the root-leaves of the Tulip or the Uly (Fig. 75), 
while the green leaf is preparing Doarishment throughout the grow- 
ing season, its base mider ground is thickened into a reservoir Rtr 
Btormg up a good part of the nourishment ibr next yeat's use. 

129. Finally, the whole leaf often serves both as foliage, to pre- 
pare nourishment, and as a depository to store it up. This takes 
place in all fleshy-leaved plants, such as the Houseleek, the Ice- 
plant, and various sorts of Mesembryanthemum, in the Live-for-ever 
of the gardens to some extent, and very strikingly in the Aloe, and 
in the Century-plant. In the latter it ia only the green surface of 
these large and thick leaves (of three to five feet in length on a 
strong plant, and often three to six inches thick near the base) which 
acts as foliage ; the whole interior is white, like the interior of a 
potato, and almost as heavily loaded with starch and other nourish- 
ing matter. (Fig. S2 represents a young Centuiy'^laat, Agave 
Americana.) 
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LESSON vm. 

HORFBOLOaT OF LEAVES A3 FOLIAGE. 

130. Hatdto in the last Leeson glanced at some of the spedal 
or extraordinaiT forms and uses of leaves, we now relnm to leaves 
in th«r, ordinary coodilioD, namely, as foliage. We regard this as 
the natural state of leaves. For although they may be turned to 
account in other and very varioos ways, as we have jnst seen, 
Etill their proper office in vegetation is to serve as foliage. In this 
view we may regard 

131. icBTti u t CoDtriTUce for IieicuiBE tbi Sirbce of that laigo 

part of the plant which is exposed to the li^t and the air. This is 
shown by their expanded form, and ordinarily slight thickness in 
cofoparison with their length and breath. While a Meloa^actos 
(115, Fig. 76) is a striking example of a plant with the least pos- 
sible amount of surfooe for its bolk, a repeatedly branching leafy 
herb or tree presoits the largest possible extent of sor&ee to the 
lur. The actual amount of surface presented by a tree in fhU leaf 
is much larger than one would be apt to suppose. Thus, the Wash- 
ington Elm at Cambridge — a tree of no extraordinary size — was 
some years ago estimated to produce a crop of seven millions of 
leaves, exposing a surface of 200,000 square feet, or about five 
acres, of foliage. 

182. What is done by the foliage we shall have to explain in 
another place. Under the present head we are to consider ordinary 
leaves as to their parti and their tke^t. 

133. Thf Parb of the Leaf. The prindpal part of a leaf is the 
blade, or expanded portion, one face of which naturally looks toward 
the sky, the other towards the earOi. The blade is oflen nused on 
a stalk of its own, and on each side of the stalk at its base there is 

9 an appendage called a xtipule. A complete leaf, there- 
s of a blade (Fig. 83, h), a foptstalk or kaf-UaJh, called 
the petiole (p), and a pair of ttipuUt («(). See also Fig. 136. 

134. It is the blade which we are now to describe. This, aa 
being the essential and conspicuous part, we generally regard as the 
leaf: and it is only when we have to particularize, that we speak of 
the hhde, or hmijia, of the leaf. 
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135. Without here entering upon the sntiject of the anatomy of 
the leaf, we may remark, that leaves consist of two Borts of mate- 
rial, viz. : 1. the ffreeti pidp, or parenchyma ; and 2, the Jibrou* 
framework, or skeleton, which extends throughout the soft green 
pulp and supports it, giving the leaf a strength and firmness which 
it would not otherwise possess. Besides, the whole surface is cov- 
ered with a transparent skin, called the 

epidermis, like that which covers the 
surface of the shoots, &i;. 

136. The framework consists of 
vwod, — a fibrous and tough material 
which runs from the stem through the 
leaf-atalk, when there is one, in the 
form, of parallel threads or bundles of 
fibres ; and in the blade these spread 
out in a horizontal direction, to form 
the ribs and veins of the leaf. The 
slout main branches of the framework 
(like those in Fig. 50) are colled the 
ribs. When there is only one, as in 
Fig. 83, &c, or a middle one decid> 

edly larger than the rest, it is called g^ 

the midrib. The smaller divisions are termed veins; and their 

still smaller subdivisions, veinleU. 

137. The latter subdivide again and again, until they become so 
fine that they are invisible to the naked eye. The fibres of which 
Ihey are conii>oaed are hollow ; forming tubes by which the sap ts 
brought into tlie leaves and carried to every part. The arrangement 
of the framework in the blade is termed the 

138. Ten&tion, or mode of veining. This corresponds so complete- 
ly with the general shape of the leaf, and with the kind of division 
when the blade is divided or lobed, that tlie readiest way to study 
and arrange the forms of leaves is first to consider their veining. 

139. Various as it appears in different leaves, the veining is all 
reducible to two principal kinds; namely, ths paraBel-veined a,nd the 



140. In netted^veined (also called retictdaled) leaves, the veins 
branch off from the main rib or ribs, divide into finer and finer 
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veinlets, and tbe branches unite with each other to fonn meshes of 
network. That is, they anastomose, as anatomists eaj of the veins 
and arteries of the body. The Quince-leaf, in Fig. 83, shows this 
kind of veining in a leaf ^vith a single rib. The Maple, Basswood, 
and Buttonwood (Fig. 50) show it in leaves of several ribs. 

141. In jxiraUfl-veined leaves, the whole framework consists of 
slender ribs or veins, which run parallel with each other, or nearly 
eo, from the hase to the point of the leaf, not dividing and sob- 
dividing, nor forming meshes, except by veiy minute crosa-veinlete. 
The leaf of any grass, or that of the Lily of the Valley (Fig. 84) 
will furnish a good illustration. 

Ii2. Such gunple, parallel veins Linnssus, to distinguish them, 
called nerves, and parallel-veined leaves 
are atill commonly called nerved leaves ; 
while those of the other kind are said to 
be veined; — terms which it is conven- 
ient to use, although these " nerves" and 
" veins " are all the same thing, and have 
no likeness to the nerves of animals. 

143. Netted-veined leaves belong to 
plants which have a pair of seed-leavea 
or cotyledons, such as the Maple (Fig. 1 
-7), Beech (Fig. 15), Pea and Bean 
(Fig. 18, 20), and most of the illustra- 
tions in the first and second Lesfons. 
While paraUel-vejned or nerved leaves 
belong to plants with one cotyledon or 
' H true seed-leaf; such as the Iris (Fig. 134) 

and Indian Com (Fig. 42). So that a mere glance at the leaves 
of the tree or herb enables one to tell what the structure of the 
embryo is, and to refer the plant to one or the other of these two 
grand classes, — which is a great convenience. For generally when 
plants differ from each other in some one important respect, they 
differ correspondingly in olher respects as welt. 

144. Farallel-veined leaves are of two sorts ; one kind, and the 
commonest, having the ribs or nerves all running from the base lo 
the point of the leaf, as in the examples already given ; while in 
another kind they run from a midrib to (he mar^u; as in the com- 

riG. 64. A(l>uallel-VBiiied)le>ruf[lielJlirorUiaViill*r. 
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mon Pickerel -weed of our ponds, in the Banana (Fig. 47), and many 
Bimilar plants of warm climates. 

145. Netted-vuined leaves ore also of two Boris, as is shown in 
the examples already referred ta In one cose the veins all rise 
from a single rib {the midrib), as in Fig. 83. Such leaves are called 
Jeather-veined or pinnaUly-veined ; both terms meaning the same 
tiling, namely, that the veins are arranged on the sides of the rib 
like the plume of a feather on each side of the shaft. 

146. In the other case (as in the Butionwood, Fig. 60, Maple, 
&e.), the veins branch off from three, five, seven, or nine ribs, which 
spread from the top of the leaf-stalk, and run through the blade like 
the toes of a web-footed bird. Hence these are said to be paimaUJy 
or digilaiely veined, or (since the ribs divei^ like rays from a 
centre) radiate-veined. 

147. Since the general outline of leaves accords with the frame- 
work or skeleton, it is plain that feather-veined leaves will incline to 
elongated shapes, or at least will be longer than broad ; while in 
radiate-veined leaves more rounded farms are to be expected. A 
glance at the following figures shows this. Whether we consider 
the veins of the leaf to be adapted to the shape of the blade, or the 
green pnlp to be moulded to the framework, is not very material. 
Either way, the outline of each leaf corresponds with the mode of 
spreading, the extent, and the relative length of the Telns. Thux, in 
oblong or elliptical leaves of the feather-veined sort (Fig. 87, 88), 
the principal veins are nearly equal in length ; while in ovale and 
heart-shaped leaves (Fig. 89, 90), those below the middle are 
longest; and in leaves which widen upwards (Fig. 91 — 94), Iho 
veins above the middle are longer than the others. 

148. Let us pass on, without particular reference to the kind of 
vcining, to enumerate the principal 

149. Fumu of Icara ai to (itDeral Outline. It is necessary to give 
names to the principal shapes, and to define them rather pi-ecisely, 
since they afford the easiest marks for distinguishing species. The 
same terms are used for all other flattened parts as well, such as the 
petals of the flowers ; so that they make up a great part of the 
descriptive language of Botany. We do not mention the names of 
common phmts which exhibit these various shapes. It will be a good 
exercise for young students to look them up and apply them. 

150. Beginning with the narrower and proceeding to the broadest 
forms, a leaf is said to be 
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fFig. 85), when narrow, eeveral tinies longer thon wide, 
ne same breadth throu^iouL 
UedaU, or lanee-tAaped, when several Umes longer than wide, 
{apering upwards (Fig- 86), or both upwards and downwards. 
Obhnff (Fig. 67), when nearl}^ twice or thrice as long as broad. 
ERiplieal (Fig. 88) is oblong with a flowing outline, the two ends 
alike in width. 

Oval is the same as broadly elliptical, or elliptical with the breadth 
considerably more than half the length. 

Ocate (Fig. 89), when the outline is like a section of a hen's-egg 
lengthwise, the broader end downward. 

Ortimdar, or rotund (Fig. 102), circular in outline, or nearly so. 




15\. When the leaf tapers towai^ the base, instead of upwards, 
it may be 

<Maneeolate (Fig. 91), which is Innce-shaped, with the more 
tapering end downwards; 

SpatuJafe (Fig. 92), round- 
ed above and long and narrow 
below, like a spatula ; 

Obovate {Fig. 93), or in- 
versely ovate, thatis,ovQtewitb 
the narrower end down ; or 
Oiauale, or cuneiform, that is, wedge-shaped (Fig. 94), broad 
above and tapering by straight lines to an acute angle at the base. 
152. jts to UlC But, its shape characterizes several forms, such as 
Cordate, or heart-shaped (V'lg. 90, 99, 8), when a leaf of an ovate 
form, or something like it, has the outhne of its rounded base turned 
in (forming a notch or n'niu) where the stalk is attached. 

RemfoTTO, or hidneyshaped (Fig. 100), like the last, only rounder 
and broader than long. 
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AwriculaU, or eared, having a pur of small and blunt projecticoia, 
or ears, at the base, as in one species of Magnolia (Fig- 96). 

SetgiOaU, or arrwe-akaped, where such ears are pconted and tamed 
downwards, while the 
main body of the blade 
tapers upwards to a 
poinl, as in the com- 
mon S^ttaria or Ar- 
row-head, and in the 
Arrow-leaved Polygo- 
num (Fig. 95). 

ffaOaie, or halberd- 
ehaped, when such „ k 

lobes at the base point outwards, giving the leaf the ehape of the 
halberd of the olden time, as in another Polygonum (Fig. 97). 

Peltate, or thieldshaped, (Fig. 102,) is the name applied to a 
curious modification of Ihe leaf, commonly of a rounded form, where 
the footstalk is attached to the lower surface, instead of the base, and' 




therefore^ naturally likened to a shield borne by the outstretched 
arm. The common Watershleld, the Nelumbium, and the White 
Water-lily, and also ihe Mandrake, exhibit this sort of leaf. On 
comparing the shield-shaped leaf of the common Marsh Pennywort 
(Fig. 102) with that of another common species {Fig. 101), we see 
at once what this peculiarity means. A shield-shaped leaf is Uke a 
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kidnej-Bht^ed {Fig- 100) or other rounded leaf, with the marg^ at 
the base brought t«gether and united. 

153. Al to Ibe Apei, the foUowiug terms express the prinmpal 
variations. 

AevmiTuUe, pointtd, or Uiper-pointed, when the summit is more or 
less prolonged into a narrowed or tapering point, as in Fig. 97. 

AaUe, when ending in an acute angle or not prolonged point, as 
in Fig. 104, 98, 95, &c 

OAfuMfWhen with a blunt or rounded point, as in Fig. 105, 89, Sec 

Truncate, with the end as if cut off square, aa in Fig. 106, 94. 

Jietuse, with the rounded sununit sligbtlj indented, forming a 
very shallow notch, as in Fig. 107. 

Etn€irginaie, or notelud, indented at the end more decidedly, aa 
in Fig. 108. 

Obeordate, that is, inversely heart-shaped, where an obovate leaf 
is more deeply notched at the end (Fig. 109), as in White Clover and 
Wood-Borrel ; so as to resemble a cordate leaf (Fig. 99) inverted. 

Cutpidaie, tipped with a sharp and rigid point ; as in Fig. 110. 

Mucronate, abruptly tipped with a small and short point, like a 
projection of the midrib ; as in Fig. 111. 

Arittate, awn-pointed, and bristle-pointed, are terms nsed when Ihia 
mucronate point is extended into a longer bristle-fbnn or other 
slender appendage. 

The first six of these terms can be applied to 'the lower as well as 
to the upper end of a leaf or other organ. The •others belong to 
the apex only. 
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MORPHOLOOY OP LEAVES AS FOLIAGE. SIMPLE AND COM- 
POUND LEAVES, STIPULES, ETC. 

154. In the foregoing Lesson leaves have been treated of in their 
simplest form, namely, as coosisUng of a single blade. But in many 
cases the leaf is divided into a number of separate blades. That is, 

155. Uam an eilher Simple or Compoud. They are said to be 
nmpk, when the blade is all of one piece : they are compound, wben 
the blade consists of two or more separate pieces, home upon a 
common leaf-stalk. And between these two kinds every interme- 
diate gradation is to be met with. This will appear as we proceed 
to notice the principal 

156. Forms of Uam u to pnrticiilitr Ontline or degree of division. 
In this respect, leaves are said to be 

Entire, when their general outline is completely filled out, so that 
the niai^n is an even line, without any teeth or notches; as in 
Fig. 83, 84, 100, &c 

Serrate, or taw-tootked, when the margin only b cut into sharp 
teeth, like those of a saw, and pointing forwards; as in Fig. 112; 
also 90, &C. 



HetOate, or toothed, when such teeth point outwards, instead 
of forwards; as in Pig. 113. 

FIG. I13-in. Klmb of BUTflB of IMTW. 
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GvtuUe, or tcaBoptd, when the teeth are broad and rounded ; as 
in Fig. 114, 101. 

Repand, undulate, or mavy, when the mar^ of the leaf forms & 
wary line, bending slightly inwards and outwards in succession ; as 
in Fig. 119. 

SintuOt, when the margin is more Btrong^j sinnoos, or tamed 
inwards and outwards, as in Fig. 116. 

Ltciud, cut, or jagged, when the margin is cat into sharp, deep, 
and irregukr teeth or iadsions, as in Fig. 117. 

157. When leaves are nK»« deeply cut, and with a definite number 
of incisions, they are said, as a general term, to be Mted ; the parts 
being called lohet. Their number is expressed by the phrase two- 
hhed, three-lobed, ^e-lobed, many-iobed, tex^ as the case may be. 
'When the depth and character of the bbing needs to be more par- 
ticularly specific*!, — • as is often the case, — the following terms are 
employed, viz. : 

Lohed, when the indsions do not extend deeper than about half- 
way between the margin and the centre of the Made, if so far, and 
are more or less rounded ; as in the leaves of the Poet-Oak, Fig. 
118, and the Hepatica, Fig. 122. 

CItji, when the incisions extend half-way down or more, and 
especially when they aro sharp, as in Fig. 119, 123. And the 
phrases two-deft, or, in the Latin ftH-m, hijid ; three-elejt, or trijid; 
Jwr-cUJi, or quadrifid; jive-eUft, or qtUTtquefid, &c. ; or matuf-elefl, 
in the Latin form mtdttfid, — express the number of the tegme^tt, 
or porUous. 

Parted, when the incisions are still deeper, bat yet do not quite 
reach to the midrib or the base of the blade ; as in Fig. 120, 124. 
And the terms two-parted, three-parted. Sec express the number of 
BBch divisions. 

Divided, when the inusions extend quite to the midrib, as in the 
lower part of Fig. 121 ; or to the leaf-stalk, as in Fig. 125 ; which 
makes the leaf compound. Here, using the Latin form, the leaf is 
said to be bisected, Iritteted (Fig. 125), &c., to express the number 
of the divisions. 

158. In this way the degree of division is described. We may 
likewise express the mode of division. The notches or indsions, 
being places where the green pulp of the blade has not wholly filled 
up the framework, correspond with the veining ; as we perceive 
on comparing the figures 118 to 121 with figures 122 to 125. The 
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upper row of figures consists f^ fealher-veined, or, in Latin form, 
pinnrOe^'veined leaves (145) j the lower row, of ra^ato-wiited or 
palmately-veiTied \SKVta (146). 




15?. In the upper row the incisions all point towards the midrib, 
from which the miun veins arise, the incieions (or tiniues) being 
between the main veins. That is, being pinnaiely reined, such 
leaves are pinnately lobed (Fig. 118), pinncUely deft, or pinnafijid 
(Fig. 119), pinnately parUd (Fig. 120), or pinnately divided (Fig. 
121), according to the depth of the incisions, as just defined. 

160. la the lower row of figures, as the main veins or ribs nil 
proceed from the base of the blade or the sununit of the Icaf-slalk, m 
the incisions all point in that direction. That is, ^a/m(ite^Tcin<'<l 
leaves are pabnately lobed (Fig. 122), pedmatdy ehfi (Fig. 123), 
palmately paTted (Fig. 124), m palmaUly divided (Fig. 125). Some- 
times, instead of palmately, we say digitatdy cleft, &c., which means 
just the same. 

161. To be still more particular, the immber of the lobes, &c. 
may come into tlio phrase. Thus, Fig. 122 is a palmately three- 
hbed; Fig. 123, &palmaiely three-cUfi ; Fig. 124, apahnateh/ three' 
parted; Fig. 125, a palmately tkree^ivided, or tritected, leaf. The 
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Sugar-Maple and the BuUonwood (Fig. 50) have palmal^ fiv»- 
hiedleavet; tbe8(A'W]at»-iitip\ep€ilinat^_five-partedleavet; and 
BO on. And in the other aorl^ the Foet>Oak baa pinnta^ teven- 
to nine-lobed Uaoei ; the Bed'Oak commonly has pirmattly teven- to 
niue^Jl leave*, &&, &c. 

162. The diviaionB, lobes, Ice may themselves be entire (witbonC 
teeth or notches, 156), as in Fig. 118, 122, &c ; or terrate (Fig. 
124), or otherwise toothed or incised (Fig. 121 ) ; or else lobed, cleft, 
parted, &c. : in the latter cases making twice pinnatijid, twice pal- 
mately or pinnately hbed, parted, or divided leaves, &c. From these 
JlluBtrations, the student will perceive the plan by vhich the bota- 
nist, in two or three words, may describe any one of the almost 
endlessly diversified shapes of leaves, so as to convey a perfectly 
dear and definite idea of it. 

163. Componnd Laves. These, as already stated (155), do not 
differ in any absolutfl way from the divided form fit simple leaves. 
A compound leaf is one which has its blade in two or more entin^ly 
separate parts, each usually wilh a stalklet of its own: and the stalk* 
let is often -Jointed (or articvlated) with the main leaf-stalk, just as 
this is jointed with the stem. When this is the case, there is no 




doubt that the leaf is compound. But when the pieces have no 
stalklets, and are not jointed with the main leaf-stalk, the leaf may 
be considered either as simple and divided, or ctnnpound, according 
to the circumstances. 



FIG. 136. Pinnau wiUi u odd iMflsi, c 
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164. The separate pieces or little blades of a compottnd leaf am 
called leaflets. 

16o. Compound leaves are of two principal kinds, namelj, the 
pinnate and the palmate ; answering to the two modes of veining in 
reticulated leaves (145-147), and to the two eorta of lobed or di- 
vided leaves (158, 159). 

166. Pinnate leaves are those in which the leaflets are arranged 
onthesi^eaofamain leat'-slalk; as in Fig. 126-128. Theyanswer 
to the feaiher-veined (i. e. pimtately-veined) simple leaf; as will be 
seen at once, on comparing Fig. 126 with the figures 118 to 121. 
The hafleU of the former answer to the hbet or divinont of the 
latter; and the continuation of the petiole, along which the leafieta 
are arranged, answers to the midrib of the simple leaf. 

1G7. Three sorts of pinnate leaves are here given. Fig. 126 is 
pinnate vnth an odd or end Uajlet, as in the Common Locust and 
the Asb. Fig. 127 is pinnate with a tendril at the end, in place of 
the odd leaflet, as in the Vetches and the Pea. Fig. 128 is abntpOy 
pinnate, having a pair of leaflets at the end, like the rest of the leaf- 
lets ; as in the Honej-LocusL 

163. Palmate (also named digitate) leaves are those in which the 
leaflets are all borne on the very tip of the leaf-stalk, as in the 
Lupine, the Common Clover (Fig, 136), the Virginia Creeper (Fig. 
62), and the Horsechestnut and Buckeye (Fig. 129). They answer 
to the radiale'veined or palmaiebf- 
veined simple leaf; as is seen by 
comparing Fig. 136 with the figures 
122 to 125. That is, the Clover- 
leaf of three leaflets is the same as 
a palmalely three-ribbed leaf cut^ 
into three separate leaflets. And 
such a simple five-lobed leaf as that 
of the Sugar-Maple, if more cut, so 
as to separate the parts, would pro- 
duce a palmate leaf of five leaflets, m 
like tliat of the Horsechestnut or Buckeye (Fig. 129). 

169. Either sort of compound leaf may have any number of leaf- 
lets ; though palmate leaves cannot well have a great many, since 
they are all crowded tt^ther on the end of the miun leaf-stalk. 



FIG. us. FmlmiileleafofAfslaOMi.Di 
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Some Lupines have nine or eleven ; the Horeechestnnt has eeven, 
the Sweet Buckeye more commonly five, the Clover three. A pin- 
nate leaf <^D has only eeven or live leaHtts, as in the Wild Bean 
or Groundnut; and in the Commau Bean it has only three; in 
some rarer cases only two ; in 
the Orange and Lemon only 
onel The joint at the place 
where the leaflet is united with 
the petiole alone distinguishes 
this last case from a simple 
leaf* 

170. The leaflets of a com- 
pound leaf may be either entire 
(as m Fig. 126 - 128), or ter^ 
rate, or lobed, clefl, part«d, 
&c : in fact, they may pre- 
sent all the variations of simple 
leaves, and the same terms 
equally apply to them. 

171. When this division is 
carried so far as to separate 
what would he one leaflet into 
two, three, or several, the leaf 
becomes douUy or twice com- 
pound, either pinnately orpal- 

"• tnately, as the case may he. 

For example, while some of the leaves of the Honey-Locust are 
nrnply pimuae, that is, otux pinnate, as in Fig. 128, the greater part 

* When the botaniat, in describing leaveg, wishes to express the number of 
le&fletB, he may nse tenns like these : — 

Uni/oliohle, fi>r a compound leaf of a Eingle leaflet ; from tlio Latin unum, one, 
tatdfiiiolum, leaflet. 

Bifoiiclaie, of two leaflets, tWwn the Latin b!s, twice, anifoliduai, leaflet. 

TrifiJiolate (or lemate), of three leaflcU, HS the Clover ; and so on. 

When he would express in one phiaae both the nianber of leafleta and Uie way 
the leaf ia compound, he writes : — 

Palimtdfj hifUiiJaie, irlfdialaU, plurlfoliolale (of several leaflets), &c., or else 

Pinnaltli/ bt-. In'-, jwufrj'-, or pturi-foliaiate (that is, of two, ihiee, four, five, or 
several leaflets), as the case may be. 

no. 130. Alwka-pinHla(abnipU]')lufoItl»IIiHW7-LKti(t. 
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are htpinnaie, Le. twice pinnate, as in Fig. 130. If ihese leaflets 
were again divided in the same way, the leaf would become thrice 
pinnate, or tiipinnate, as in many Acacias. The first divisions are 
called pinna ; the others, pimailet ; and the last, or little blades, 
leaflets. 

172. So the palmate leaf, if agma compounded in the same way, 
becomes twice palmate, or, as we say when the divisions are in. 
threes, twice ternate (in Latin form bitemate) ; if a third Ume cora- 
poanded, thrice ternate or tritemaie. But if the division goes still 
further, or if the degree is variable, we simply aay that the leaf is 
decompound ; either palmately or pinnately bo, as the case may be. 
Thus, Fig. 138 represents a four times temately compound, in other 
words a tematelg decompound, leaf of our common Meadow Rue. 

173. So exceedingly varitHis are the kinds and shapes of leaves, 
that we have not yet eshausted the subject We have, however, 
mentioned the principal terms used in describing them. Many 
others will be found in the glossary at the end of the volume. Some 
peculiar sorts of leaves remain to be noticed, which the student might 
not well understand without some explanation ; such as 

174. FerfolialB leans. A common and simple case of thia sort is 
fbnnd in two species of Uvularia or Bellwort, where the stem appears 
to run through the blade of the leaf, 

near one end. If we look at this plant 
in summer, aller all the leaves are 
formed, we may see the meaning of this 
at a glance. For thea we often find 
upon the same stem such a series of i 
, leaves as is given in Fig. 131 : the low- 
er leaves are perfoliate, those next above 
less so ; then some (the fourth and fifth) 
with merely a heart-shaped clasfnng 
base, and finally one that is merely 
testile. The leaf, we perceive, becomes i 
perfoliate by the union of the edges of 
the base with each other around the 
stem ; just as the shield-shaped leaf, Fig. u, 

1D2, comes from the union of the edges of the base of such a leaf 
as Fig. 101. Of the same sort are the upper leaves of moat of 

FIG. 131. LeivH of Uvulirii (Bellvon) ; tbo lower eaet pufiitUu, tha oth«n ownlr 
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the trne Honeysuckles (Pig. 132) : but here it is a pair of oppo- 
site leaves, with their contiguous broad bases grown together, which 
makes what seems to be one round leaf, with the stem running 
through ita centre. This is seen to be the case, by comparing 
together the upper and the lowest leaves of the same branch. 
Leaves of this sort are said to be conncUe-perfoliaU. 

175. Eqnilant LmTW. Wliile ordinary 
leaves spread horizontally, and present 
one face to the sky and the other to the 
earth, there are some that present their 
tip to the sky, and their (acta right 
and left to the horizon. Among these 
are the equilant leaves of the Iris or 
Flower-de-Luce. On careful inspection 
we shall find that each leaf was formed 
Jblded toaeUiftr lenatk- 



cef 
in Vli 

the next younger one. It wa 
dling over each other, like a ma 
b seen in the cross-section, Fig. 
with hia lively fancy, called thee 

176. Ltarei with no distinetioB 

The leaves of Iris just mentioi 
of this. The flat but narrow 
leaves of Jonquils, Dafibdils, 
and the like, are other in- 
stances. Neeelle-thaped\&e.yeSf 
like those of the Fine (Fig. 
140), Larch (Fig. 139), and 
Spruce, and the awl-s/u^ed 
as well as the tadt-akaped 
leaves of Junipers, Red Ce- 
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dar, and Arbor-VitiB (Fig. 135), are different examples. These 
last are leaves serving for foliage, but having as 
, little spread of euriace as possible. They make 
ip for this, however, b; their immense numbers. 

177. Sometimes thepelioh expands and flattens, 
and lakes the place of the blade ; as in nomerous 
New Holland Acacias, some of which are now 
common in greenhouses. Such counterfeit blades 
are called pftj/Bo£a, — meaning leaf'like bodies. 
They may be known from true blades by their 
Btanding edgewise, their margins being directed 
upwards and downwards ; while in true blades the 
faces look upwards and downwards ; excepting in 
equitant leaves, as al- 
ready explained, and 
in those which are 
w turned edgewise by 

a twist, such as those of the Callis- ^ 

temon or Bottle-brush Flower of our 

greenhouses, and other Dry Myrtles 

of New Holland, Sec 

178. Stlpnln, the pair of appendages 

which is found at the base of the peti- 
ole in many leaves (133), should also 

be considered in respect totheir very 

varied forma and appearances. More 

commonly tbey appear like little blades, 

on each side of the leaf-stalk, as in the 

Quince (Fig. 83), and more strikingly 

in the Hawthorn and in the Pea. Here 

they remain as long as the rest of the 

leaf, and serve for the same purpose 

as the blade. Very commonly they 

serve for bud-sOiles, and fall off n ben 

the leaves expand, as in the Fig-tree, „, ^ 

and the Magnolia (where they are large and conspicuoos), or soon 

1^ Twig of Artni-ViiB, nlth lu liro fona of Isivea : viz. mmt anl-Bhapvd, lb* 

-1lk« ; lbs lattar on tbe bnnehlels, a. 
136. LufofKad Clovsr: •<.ilipul», idhsrlDttoIbe busoCp.tlM psiiola: t, blmd* 
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aAerwards, as in Uie Tulip-tree. In the Pea the stipules make a 
very coDspicuous part of the leaf; while in the Bean tfaey are quite 
small; aod in the Ix>cuBt they are reduced to bristles or prickles. 
Sometimes the stipules are Eeparate and distJDct (Fig. 83) : ofien 
they are united with the base of the leaf-stalk, as in the Bose and 
the Clover (Fig. 136) : and sometimes they grow together hj both 
margins, so rh to form a sheath around the stem, above the leaf, as 
in the Buttonwood, the Dock, and almost all the plants of the 
Polygonum Family (Fig. 137). 

179. The ebeaths of Grasses bear the blade on their summit, and 
therefore represent a form of the petiole. The small and thin ap- 
pendage vhich is commonly fonod at the top of the ehealh (called a 
HffuU) here answers to the stipule. 

Fia.iX. TalMMlr-dseonpiHiullHiref K«dnrRu(TlullcIiiimConiiiti). 
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LESSON X. 
THE ARRANGEMENT OF 

180. Under this head we may consider, — 1. tbe arrangement of 
leaves on the stem, or what U sometimes called phillotaxt (from 
two Greek words meaning leaf-order) ; and 2. the ways in which 
they are packed together in the bud, or their tersation (the word 
meaning their spring state). 

181. PhfUotU;. As already exjJamed (48, 49), leaves are ar- 
ranged on the stem in two principal ways. They are either 

-Alternate (Fig. 131, 143), that is, one after another, only a single 
leaf arising jrom each node or joint of the stem; or 

(^tpoHte (Fig. 147), when there is a pur of leaves on each joint 
of the stem ; one of the two leaves being in this case always situ- 
ated exactly on the opposite side of the stem from the other. A 
third, but uncommon arrangement, may be added ; namely, the 

Wkorhd, or verticiUaie (Fig. 148), when there are three or more 
leaves in a circle [tehorl or verttcil) on one joint of stem. But this 
Is only a variation of the opposite mode ; or rather the latter ar- 
rangement is the same as the whorled, with the number of the 
leaves reduced to two in each whorl. 

162. poly one leaf is ever produced from the some point When 
two are borne oo the same joint, they are always on opposite sides 
of the stem, that is, are separated by half the circumference ; when 
in whorls of three, four, five, or any other number, they are equally 
distributed around the joint of stem, at a distance of one third, one 
fourth, or one fifth of the circumfer- 
ence from each other, according to 
their number. So they always have 
the greatest possible divei^ence from 
each other. Two or more leaves be. 
kmging to the same joint of stem 
never stand ude by side, or one 
above the other, in a cluster. ** 

183. "What are called cbtstered or fascicled leaves, and which 
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aiq>ear to be so, are always &g leaves of a vhole branch n-liicli 
remains bo very short that they are all crowded together in n 
bnndle or rosette ; as in th& Bpring leaves of the Barberry and of 
the Larch (Fig. 139). In these cases an examinatioa shows them 
to be nothing else than alternate leaves, very mucli crowded on a 
abort spur; and some of Uiese spura ftre seen in the course of the 
BeasoQ to lengthen into ordinary shoots with Bcattercd alternate 
leaves. So, likewise, each cluster of two or three needle-shaped 
leaves in Fitch Pines (as in Fig. 140), or of five leaves , 
in White Pine, answers to a similar, extremely abort I 
branch, spring^g from the axil of a thin and slender 
scale, which represents a leaf of the main shoot. For 
Fines produce two kinds of leaves; — 1. primary, the 
proper leaves of the shoots, not as foliage, but in the 
shape of delicate scales in spring, which soon full away; 
and 2. secondary, the Jaacicled leaves, from buds in the 
axils of the former, and these form the actual foliage. 

184. Spiral Ammgcmctlt of ixam. If we examine any 
altemate-Ieaved stem, we shall find that the leaves are 
placed upon it in symmetrical order, and in a way per- 
fectly uniform for each species, but different in different 
plants. If we draw a line from the ituertion (i. e. the 
point of attachment) of one leaf to that of the next, and ^ 
so on, this line wilt wind spu^ly around the stem as it 
rises, and in the same species will always have just the 
same number of leaves upon it for each turn round the 
stem. That is, any two successive leaves wilt always 
be separated from each other by just an equal portion no 
of the circumference of the stem. The distance in heig/a between 
any two leaves may vary greatly, even on the same shoot, for that 
depends upon the length of the inlemodes or spaces between each 
leaf; but the distance as measured around the circumference (in 
other words, the angular dioergence, or angle formed by any two 
successive leaves) is uniformly the same. 

185. The greatest po.^sihle divergence is, of course, where the 
second leaf stands on exactly the opposite side of the stem from the 
first, the third on tlie side opposite the second, and therefore over the 
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first, and the fourth over the second. This brings all the leaves into 
two ranks, one on one side of the stem and one on the other; and 
is therefore called the two-ranked arrangemenL It occurs in all 
Grasses, — in Indian Com, for instance; also in the Spiderwort, the 
BeUwort (Fig. 131) and Iris (Fig. 132), in the Basswood or Lime- 
tree, Sec. This is the simplest of all arrangements. 

18fi. Next to this is the three-ranked arrangement, such as ve 
see in Sedges, and in the Yeratrum or White Hellebore. The plan 
of it is shown on a Sedge in Fig. 141, and in a diagram or cross- 
eection underneath, in Fig. 142. Here the 
'second leaf is placed one third of the way 
round the stem, the third leaf two thirds of 
the way round, the fourth leaf accordingly 
directly over the first, the fifth over the 
Becond, and so on. That is, three leaves 
occur in each turn round the stem, and they 
are separated from each other by one third 
of the circumference. 

187. The next and one of the most com- 
mon is the j^i'fi-ranAerf arrangement; which 
is seen in the Apple (Fig. 143), Cherry, 
Poplar, and thi greater part of our trees 
and shrubs. In this case the line traced 
from leaf to leaf will pass twice round the 
stem before it reaches a leaf situated di- 
rectly over any below (Fig. 144). Here 
the sixth leaf is over the fii^t; the leaves 
stand in five perpendicular ranks, equally ■oy ^^ ^y/ 
distant from each other ; and the distance ^\ * // 
between any two successive leaves is just ^--^ 
two fifths of the circumference of the stem. lo 

188. The five-ranked arrangement is expressed by the fraction \. 
This fraction denotes the divergence of the successive leaves, i. e. the 
angle they form with each other : the numerator also expresses the 
number of turns made round the stem by the spiral line in complete 
ing one cycle or set of leaves, namely 2 ; and the denominator gives 
the number of leaves in each cycle, or the number of perpendicular 
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tBnks, namely 5. In the game vay the fracdon } Btands for the 

two-ranked mode, and i for the three-ranked : and so these different 

111 Borta are expressed hy the Beriea of fractions ^ 

i, {. And the other cases known follow in the 

game numerical pn^ression* 

L89. The next is the eight-ranked arrange- 
ment, where the ninth leaf Elands over the first, 
and three turns are made around the stem to 
reach it i bo it is expressed by the fraction |. 
This ia seen in the Holly, and in the commtm 
Plantain. Then comes the t/tirieen-ranied ar- 
rangement, in which the fourteenth leaf is over 
the first, after five turns around the stem. Of 
this we have a good example in the common 
Houseleek (Fig. 14G). 

190. The series bo far, 
then, is i, ^ 1,8, ■^; the 
numerator and the denomi- 
nator of each fraction being 
those of the two next pre- 
cedmg ones added together. 
At this rate the next higher 
should be ^, then ^J, and 
so on; and in fact just such '*" 

cases are met with, and (commonly) no olhera. 
These hi^er sorts are fotmd in the Fine Fam- 
ily, both in the leaves and the cones ( Fig. 324), 
and in many other plants with small and crowd- 
ed leaves. But the number of the ranks, or of 
leaves in each cycle, can here rarely be made 
out by direct inspection : they may be ascer- 
tained, however, by certain simple mathematical 
computations, which are rather too technical for 
these Xieasous. 



FIG. 145. A|r«iiid-pl>nor(1i«»ni 
4o«>d Una dnwn from ilw (din or one 
F10.I4a. AfounipliiitoflhaHoiir 
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191. The arrangement of opposite leaves (181) is nsaallf rery 
simple. The second pair is placed over the intervals of the first ; 
the third over the intervals of the second, and so on (Fig. 147) ; the 
snccessive pairs thus crossing each other, — 

commonly at right angles, eo as to make four 
nprigbt rows. And whorhd leaves (Fig- 148) 
follow a similar plan. 

192. So the place of every leaf on every plant 
is fixed beforehand by unerring mathematical 
rule. As the stem grows on, leaf after leaf ap- 
pears exactly in its predes- 
tined place, prodacing a per- 
fect symmetry; — a symroe- 
try which manifests itself not 
in one single monotonous 
pattern for all plants, but in 
a definite number of forms 
exhibited by difierent spe- 
des, and arithmetically ex- 
pressed by the series of frac- "* "' 

tions, ^, ^, ^, %, -^f ^, &c, according as the formative enei^ in 
its spiral course up the developing stem lays down at corresponding 
intervals 2, 3, 5, 8, 13, or 21 ranks of alternate leaves. 

193. Tcniation, sometimes called Prafoliation, relates to the way 
in which leaves are disposed in the bud (180). It comprises two 
things ; — 1st, the way in which each separate leaf is folded, coiled, or 
packed up in the bud ; and 2d, die arrangement of the leaves in the 
bud with respect to one another. The latter of course depends very 
much upon the phyllotaxy, i. e. the position and order of the leaves 
upon the stem. The same terms are used for it as for the arrange- 
ment of the leaves of the flower in the flower-bud: so we may pass 
them by until we come to treat of the flower in this respect. 

194. As to each leaf separately, it is sometimes ttraight and 
open in vernation, but more commonly it is either lent, folded, or 
roH^d up. When the upper part is bent down upon the lower, 
aa the young blade in the Tulip-tree is bent upon the leafstalk, 
it Ja smd to be inJUxed or reclined in vernation. When folded 




D,g,t,.,.d.i. Google 



76 ABBANQKMKNT OF FLOWEB8 OM THE BTBM. [lEBBOH 11. 

by the midrib bo that the two halves are placed face to face, it is 
eondvpUcaU (Fig. 149), as in the Magnolia, the Cheny, and the 
Oak : vben folded back and forth like the plaits of a &n, it is plicate 
or fkdted (Fig. 150), as in the Maple and CurranL If rolled, 
it may be so either from the tip downwards, as in Ferns and the 
Sundew (Fig. 154), when in unrolling it resembles the head of a 
crosier, and b said to be eircinate; or it maj be rolled up parallel 
with the axis, either from one edge into a coil, when it is convolute 
{Fig. 151), as in the Apricot and Plum, or rolled from both edges 
towards the midrib ; — sometimes inwards, when it is involute (Fig. 
152), as in the Violet and Water-Lily ; sometimes outwards, when 
it is reoohite (Fig. 153), in the Rosemary and Azalea. The figures 
are diagrams, represenUog sections through tbe leaf, in the way 
they were represented by Linnaus. 



^Q 




LESSON XI. 



THE ABRANOEMENT OF FLOWERS ON THE STEM, OR INFLO- 
RESCENCE. 

195. Thus far we have been considering the vegetation of the 
plant, and studying those parts, viz. root, stem, and leaves, by which 
it increases in size and extent, and serves the purpose of its indi- 
vidual life. But afler a time each plant produces a different set of 
organs, — viz. flowers, fruit, and seed, — subservient to a different 
pm'pose, tbat is, the increase in numbers, or the continuani^ of the 
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Bpecies. The plant reprodocea itself in new indiTidnale by aeed. 
Ttierefore the teed, and the fruit in which the eeed is formed, and 
the^fiower, from which the fruit results, are named the Organ* of 
BepToduction or Fntct^atian. These we may examine in Bucces- 
sioo. We begin, of course, with the flower. And the first thing to 
consider is the 

196. Infloreseence, or the mode of flowering, that is, the utuation 
and arrangement of blossMns on the plant. Various as this arrange- 
ment may seem to be, all is governed by a simple law, which is 
easily understood. As the position of every leaf is fixed beforehand 
by a mathematical law which prescribes where it shaU stand (192), 
BO is that of every blossom ; — and by the same law in both eases. 
Fop flowers are buds, developed in a particular way i and flower- 
buds occupy the posiljon of leaf-buds, and no other As leaf-buds 
are either terminal (at the summit of a stem or branch, 42), or 
axillary (in the axil of a leaf, 43), so likewise 

197. Flowers are either terminal at axiUary. In blossoming as 
in vegetation we have only buds terminating (i, e. on the summit of) 
stems or branches, and buds from the axils of leaves. But while 
the same plant commonly produces both kinds of leaf-t)uds, it raret^ 
bears flowers in both situations. These are usually either all axil- 
lary or all terminal; — gi'ring rise to two classes of inflorescence, 
vjz. the determituUe and the indetermitKOe, 

198. iDdetennlaatC Inflomcence is Ihat where the flowers all arise 
from axillary buds; as in Fig. 155, 156, 157, &c.; and the reason 
why it is called indetermi- 
nate (or indefinite) is, that 

while the axillary buds 
give rise to flowers, the 
terminal bad goes on to 
grow, and continues the 
stem indefinitely. "* 

199. Where the flowers arise, as in Fig. 155, singly from the 
axils of the ordinary leaves of the plant, they do not form fiower- 
dnsters, but are axillary and toUlary, But when several or many 
flowers are produced near each other, the accompanying leaves are 
nsaally of smaller size, and often of a different Ehape or character: 
then they are called bractg; and the flowers thus brought togeth^ 
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fijnn one claster or infloreBcence. The sorts of inflarescence of the 
indetenniiiBte clasa which have received eeparate names ore chiefly 
the following; viz. the Raceme, the CorymA, the Umbel, the ^tike^ 
the Head, the Spadix, the Catkin, and the Pante{». 

200. Before illoatrating these, one or two terms, of common oc- 
corrence, ma^ be defined. A flower (or other body) which has no 
stalk to sappOTt it, but which sits directly on the st«m or axis it pro- 
ceeds from, ia said to be tetxiU. If it has a stalk, this is called its 
pedmteU. If the whole flower^lusler is raised oa a stalk, this is 
called the peduncle, or the OMnmoa^iecAmcJe (Fig. 156, p); and the 
stalk (€ each particular dower, if it have any, is caUed 
the ptdied or partial peduncle (p'). Hie portion 
o( the general stalk along which flowers are dis- 
posed is called the axii o/ itiflorescence, or, when cov- 
ered with sessile flowers, the MocAw (back-bone), and 
sometimes the receptacle. The leaves of a flower- 
clnster generally are termed Iraet*. But when we 
wish particularly to diatinguish them, those on the 
peduncle, or main axis, and which have a flower in 
their axil, take the name of bractt (Fig. 156, b) ; and 
t::^ thoea on the pedicels or partial flower-stalks, if anj, 
K ^ that of bractlett (Fig. 156, ^). 

201. A Kanme (Fig. 156, 157) is that form of fiowei^ 
claster in which the flowers, each on their own foot- 
stalk or pedicel, are arranged along a common stalk 
or axis of inflorescence ; as io the Lily of the Valley, 
Currant, Choke-Cherry, Barberry, itc Each flower 
comes from the axil of a small leaf, or bract, which, 
*" however, is ot^n so small that it might escape notice, 
and which someUmes (as in the Mustard Family) disappears alto- 
gether. The lowest blossoms c^ a raceme are of course the oldest, 
and therefore open first, and the order of blossoming is cucending, 
from the bottom to the top. The snmmit, never being stopped by 
a termioal flower, may go on to grow, and oflen does so (as in the 
common Shepherd's Pnrse), producing lateral flowers one afler an- 
other the whole summer long. 

202. All the vaiious kinds of flower-clusters pass one into another 
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by intermediate gradations of eveiy sort. For instance, if we 
lengthen the lower pedicels of a raceme, and keep the main axis 
rather short, it is converted into 

203. A Corymb (Fig. 158). This is the same as a raceme, except 
that it 13 flat and broad, either convex, or level-topped, as in the 
Hawthorn, owing to the lengthening of the lower pedicels while the 
uppermost remain shorter. 

204. The main axis of a corymb is short, at least in comparison 
with the lower pedicels. Only suppose it to be so mach contracted 
that the bracts are all brought into a cluster or circle, and the 
GOTTmb becomes 

205. in [Imbel (Fig. 159), — as in the Milkweed and Frimrose, 
-—a sort of flower.cluster where the pedicels all spring apparently 
bom the same pmnt, from the top of the peduncle, so as to resemble, 
when spreading, the rays of an umbrella, whence the name. Here 
the pedicels are sometimes called the rm/s of the umbel. And tho 
bracts, when brought in this way into a cluster or circle, form what 
IB called an involucre. 



206. For the same reason that the order of blossoming in a ra- 
ceme is ascending (201), in the corymb and umbel it is ceittripeial, 
that is, it proceeds from the mai^in or circumference regularly to- 
wards the centre ; the lower flowers c^ the former answering to the 
outer ones of the latter. Indeterminate inflorescence, therefore, is 
stud to be centripetal in evolution. And by having this order of 
blossoming, all the sorts may be distinguished from those of the 
other, or the determinate class. In all the foregoing esses the 
flowers are raised on pedicels. These, however, are very short in 
many instances, or are wanting altogether; when the flowers ars 
s«Mt& (200). They are so in 
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207. The Spike. This is a flower-cluster with a more or less 
lengthened axis, along which the flowers are sessile or 
nearly so; as in the Mullein and the Plantain (Fig. 160). 
It is just the same as a raceme, therefore, without any 
pedicels to the flowers. 

208. The Head is a round or roundish cluster of flowers 

which are sessile on a very short axis or recept^le, as in 

' the Button-hall, Buttoa-bush (Fig. 161), and Red Clorer. 

, It is just what a spike would become if its axis were 

' shortened ; or an umbel, if its pedicels were all shortened 

until the flowers became sessile or apparently so. The 

headof the Button-bush (Fig. 161) is naked; but that ^ 

the Thistle, of the Dandelion, the Cichory (Fig. 221),. 

and the like, is surrounded by empty bracts, which form 

an involucre. Two particular forms of the spike and the 

head have received particular names, namely, the ^ladix 

and the Calkin. 

209. A Spadlx is nothing but a fleshy spike or head, with small 

and often imperfect flowers, as in the Catla, the Indian Turnip 



(Fig. 162), Sweet Flag, &c It is commonly covered by a peculiar 
enveloping leaf, called a spathe. 
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210. A Gatkll or Amcnt is the name given to the ecaly sort of spike 
of the Birch and Alder, the Willow and Poplar, and one sort al 
flower-cluatero of the Oak, Hickoiy, and the like; — <m which ao- 
oouDt these are called Amentaeeout trees. 

211. Some^mes these forms of flower-clusters become compound. 
For example, the stalks which, in the simple umbel such as has 
been described (Fig. 159), are the pedicels of single dowers, may 
themselves branch io the same way at the top, and so each become 
the support of a smaller umbel ; as is the case io the Parsnip, Cara- 
way, and almost the whole of the great family of what are called 
UmhelUferotu (i. e. umbel-bearing) plants. Here the whole is 
termed a coinpouttd umbel; and the smaller or partial umbels take 
the name in English of umbeUeti. The general itwolucre, at the 
base of the miua umbel, keeps that name ; while that at the base 
of eachumbellet is termed & partitd involucre or an involueeL 

212. So a corymb (Fig. 158) with its separate stalks branching 
again, and t>earing smaller clusters of the same 
sort, is a compound corymi; of which the Moun- 
tain Ash is a good example. A raceme where 
what would be the pedicels of single flowers 

\ /\> become stalks, along which flowers are disposed 

Y^ on their own pedicels, forms a compoujtd raceme, 

as in the Goat's-beard and the False Spikenard. 

^^^ But when what would have been a raceme or a 

J 13 ^^T"*') branches irregularly into an open and 

) l^ more or less compound flower-cluster, we have 

what is called 

213. A Panicle (Fig. 163) ; as in the Oat and 
n most common Grasses. Such a raceme as that 

of the diagram. Fig. loG, would be changed into 
L panicle like Fig. 163, by the production of a 
flower from the axil of each of the bractleU fr. 

214. A Thyrsas is a compact panicle of a pyram- 
idal or oblong shape; such as a bunch of grapes, 
or the cluster of the Lilac or Horsechestnut. 

2l9. Detcnninale Innorcucnu is that in which the flowers are from 
terminal buds. The simplest case is where a stem bears a soli- 
tary, terminal flower, as in Fig. 163*. This stops the growth rf 
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the stem ; for ila terminal bud, being changed into a blossom, can 
no mor« lengtbni in Ihe manner <£ a leaf-bud. Anj fiirtber growttt 




must be from axillary buds developing into branches. If sudi 
branches are leafj shoots, at length terminated by single blossoms, 
the inflorescence still consists of solitary flowers at the summit of the 
stem and branches. But if the flowering branclies bear only bracts 
in place of ordinary leaves, the result is the kind of flower-cluster 
called 

S16. 1 Cymt. This is commonly a flat-topped or con- 
rex flower-cluster, like a corymb, only the blossoms are 
from terminal buds. Fig. 164 illustrates the simplest 
cyme in a plant with opposite leaves, namely, with three 
flowers. The middle flower, a, terminates the stem ; 
the two others, 6 b, terminate short branches, one from 
the axil of each of the uppermost leaves; and being 
later than the middle one, the flowering proceeds from 
■ the centre outwards, or is etntrifvgal ; — just the op- 
posite of the indeterminate mode, or that where all 
the flower-buds are axillary. If flowering branches 
appear from the axils below, the lower ones are the 
later, so that Ihe order of blossoming continues centrif- 
ugal or detcending (which is the same thing), as in Fig. 166, mak- 
ing a sort of reversed raceme ; — a kind of cluster which is to the 
true raceme just what the flat cyme is to the corymb. 

217. Wherever there are bracts or leaves, buds may be prodnced 
from their axils and appear as flowers. Fig. 165 represents the 
case where the branches,i ^of Fig. 164, each with a pair of small 

FIO. 1C3 1. DiiEnun of in oppoalu-ltived plant, wl(b i einglt tennlml Home. IH. 
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leaves or bracts about their middle, have branched again, and pnv 
daced the branchlets and flowers e e, on eacb aide. It is the ooo- 
tioued repetition of this which forms the full or compound cyme, 
such as that of the Laurustinus, Hobblebush, Dogwood, and Hy- 
drangea (Fig. 167). 

218. 1 Fiuick, like that t£ the Sweet-William and Lychnis of 
the gardens, is only a cyme with the flowers much crowded, as it 
were, into a bundle. 

219. 1 Glflmtrnlc is a cyme still more compacted, eo as to form a 
sort of head. It may be known from a- true bead by the jQowers 
not expanding centripetally, that is, not from the circumference to- 
wards the centre, or from the bottom to the top. 

220. The illustratioos of determinate or cymoae inflorescence hare 
been taken from plants with opposite leaves, which give rise to the 
most regular cymes. But the Bonc, Cinquefoil, Buttercup, and the 
like, with alternate leaves, furnish equally good examples <d this 
class of flower-clusters. 

221. It may be useful to the student to exhibit the principal sorti 
of inflorescence in one view, in the manner of the fbllowiog 

Anal^i ol Flomr-CImtm. 

L Indetehminate or Ckhiripbtal. (198.) 
Simple ; and wilh the 

I'lowera borne on pedicel*, 

Along the sides of a lengthened axis, Racexx, 
Along a short axis ; knrer pedicels lengthetted, Cobthb, 

Clusicnd on an extremeljt short axis, TJmbbi., 
Flowers sessile, without pedicels (206), 

Along BD elongated axis, Sfieb, 

On a very short axis, Bbid, 
with their varieties, the Spadix, S09, and Catkih, 

Branching inegnlarlj, Faniclb, 

with its rarietj, the Thtbbds, 
II. Deteriiihate or Csntkifoqai- (E15.] 

Open, mostly flatrtopped or convex, Ctnb, 

Contracted into a bundle, Fascicle, 

Contracted intoa sort of bead, Glomebdib, S19. 

222. The numbers refer to the paragraphs of this Lesson, The 
vaiious sorts run together by endless gradations in difiereot plants. 
The botanist merely designates the leading kinds by particular 
names. Even the two classes of inflorescence are oflen found com- 
bined m the same plant. For uistance, m the whole Mint Family, 
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tbe floweivclastere are centrifngal, tbat U, aro cj'inea or fasdcles ; 
bat they are themselTea commoDlj' diepooed in spikes or racemes, 
which are centripetal, or develop in succession from below up- 
wards. 



LESSON XII. 

THE FLOWEn: ITS PARTS OR ORGANS. 

223. Hating conBidcfed, in the last Lesson, the arrangement of 
flowers on the etem, or the places from whiyh they arise, we now 
direct our attention to the flower itself. 

22i. Nature and Use of the Flower, The object of the flower is the 
production of seed. The flower consists of all those parts, or organs, 
which are Bubaervient to this end. Some of thRse parts are neces- 
sary to the production of seed, Others ser^ e merely to protect or 
support the more essential parts. 

.FIG. 1B7. Criat or the Wild Hrdnnfu (wllli osulnl Anren in Uh boniK). 
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225. The HtfiOMt of the Flovtr are therefore of two kinds ; namely, 
first, the protecting organt, or leaves of die Jiower, — also called the 
fioral envelopei, — and, second, the egiential organi. The latter are 
situated within or a little above the formerrond are enclosed hj them 
in the bud. 

226. The Flortl BBTelopn in a complete flower are double ; that is, 
thej consist of two whoria (181), or circles of leaves, one above or 
within the other. The outer set forms the Calyx; this more com- 
monly consists of green or greenish leaves, but not always. The 
inner set, usually of a delicate texture, and of some other color than 
green, and in most cases forming the most showy part of the blos- 
Eom, is the Corolla. 

227. The floral envelopes, taken (father, are sometimes called the 
Perianth. This name is not much used, however, except in cases 
where they form only one set, at least in appearance, as in the Lily, 
or where, for some other reason, the limits between the calyx and 
the corolla are not easily made out 

228. Each leaf or separate piece of the corolla ts called a Petal; 
each leaf of the calyx is called a SepaL The sepals and the petals 
— or, in other words, the leaves of the blossom — serve to protect, 
support, or nourish the parts within. They do not themselves make 
a perfect flower. 

229. Some plants, however, natiu^ally produce, besides their per- 
fect flowers, others which consist only of calyx and corolla (one or 
both), that is, of leaves. These, destitute as they are of the essential 
Cleans, and incapable of producing seed, are called neutral flowers. 
We have an example in the flowers round the margin of the cyme of 
the Hydrangea (Fig. 167), and of the CranberTy-Tree, or Snowball, 
in their wild state. By long culdvation in gardens the whole cluster 
has been changed into showy, but useless, neutral flowers, in these 
and some other cases. What are called double flowers, such as full 
fioses (Pig. 173), Buttercups, and Camellias, are blossoms which, 
under the gardener's care, have developed with all their essential 
organs changed into petals. But such flowers are always in an 
tinnatural or monstrous condition, and are incapable of maturing 
seed, for want of 

230. The EncBliat O^ns. These are likewise of two kinds, placed 
one above or within the other; namely, first, the Stamens or fertil- 
izing organs, and, second, the PittiU, which are ttt be fertilized and 
bear the seeds. 
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231. Taking them in succession, therefore, beginning from below, 
or at the outside, we have (Fig. 168, 169), first, the ca&/x or outer 

drcle (^ leaves, which are ludividuaUy 
termed iqials (a) ; secondly, the coroSa 
or inner circle of delicate leaves, called 
petali (fi) ; th«n a set of itameiu (c) ; 
and in the centre one or more pistils (if]. 
The end of the flower-stalk, or the short 
iH axis, upon which all these parts stand, is 

Galledthe7i>rt((orifec«pfac&. ■ ■ 

232. We use here for illns- F; * 
tradon the flower of a spe- ' 

cies of Stonecrop (Sednm t«r- 
natum), — which is a com- 
mon plant wild in the Middle 
States, and in gardens almost 
everywhere, — because, al- 
though small, it exhibits all 
the parts in a perfectly simple and separate state, and so answers for 
a sort of pattern flower, better than any lat^r one that is common 

■ and well known. 
233. A StUDflB consists of two parts, 

' namely, the Filament or stalk (Fig. 170, 
a), and the AiOlutr {b). The latter is 

■ the only essential part. It is a case, 
commonly with two lobes or cells, each 
opening lengthwise by a slit, at the 

™ •" proper tune, and discharging a pow- 

der or dust-like substance, nsuallj of a yellow color. This powder 
is the PoUen, or fertilizing matter, to produce which is the sole office 
of the stamen. 

234. A Nitil is distingnished into three parts ; namely, — beginning 
from below,' — the Ovary, the StyU, and the Stigma. The Ovary is 
the hollow case or young pod (Fig. 171, a), containing rudimentary 
seeds, called Omdei {d). Fig. 172, representing a pistil like that of 

[SB. Flewn of t BiooKnp : Sedum lanntnm. 

Two put! oT >uli Uid of tta« hom Oowh, dl^ifW isd (aluiod. 
A gUman t a, Iha Blunnit ; i, (he inlliBi, diKhufinf pollan. 
A pinil divided lanpbwiH, ahowing ttaa Inlailoi of tha omy, •, ud iM 
\f tba Mylt ; c, itl^DU. 
A jriitll, anlirgad \ lb* owy cut Knsaa 10 abow U» orulca wltbin. 
■' DonU* " Boa* i lb* iwiiirlil d>|uu *1I nplK*d lif paM*. 
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Fig. 169, d, but on a larger scale, and with the OTarj cut across, 
shows the ovules as they appear in a transverse 
section. The ttj/le (Fig. 171, ft) is the tapering 
part above, somelimes long and slender, sometimes 
short, and not rarely altogether wanting, for it is 
not on essential part, like the two others. The 
ttiffma (e) ia the tip or some other portion of the 
style (or of the top of the ovary when there is no 
distinct style), consisting of loose tissue, not cov- 
ered, like the rest of the plant, ^y a skin or epi- 
dermis. It is upon the stigma that the pollen 
falls ; and the result is, that the ovules contained 
in the ovary are fertilized aud become leedi, by 
having an embryo (16) formed in them. To the , 

pistil, therefore, all the other organs of the blos- 
som are in some way or other subservient : the 
stamens famish pollen to fertilize its ovules ; the 
corolla and the calyx form coverings which pro- "* 

tect the whole. 

234*. These are all the parts which belong to any flower. But 
these parts appear under a variety of forms and combinations, some 
of them greatly disguising their natural appearance. To understand 
the flower, therefore, tmder whatever guise it may assume, we must 
study its plan. 
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LESSON XIIL 

THE PLAN OF THE FLOWER. 

235. The Floweb, like evety other part of the plant, is formed 
upon a plan, irhicb i» easentjally the eame in all blossoms ; and the 
student should early get a clear idea of the plan of the flower. Then 
the almost endless varieties which different blossoms present will be 
at once undersUNxl whenever they occur, and will be regarded with 
a higher inlereBt than their most beautiful forms and richest colors 
are able to inspire. 

236. We have already become familiar with the plan of the vege- 
tation ; — with the stem, consisting of joint raised upon joint, each 
hearing a leaf or a pmr of leaves ; with the leaves arranged in Kjm- 
metrical order, every leaf governed by a simple arithmetical law, 
which fixes beforehand the precise place it is to occupy on the stem; 
and we have lately learned (in Lesson 11) how the position of each 
blossom is determined beforehand by that of the leaves ; so (hat the 
shape of every fiower-cluster in a bouquet is given by the same sim? 
pie mathematical law which arranges the foliage. Let us now con- 
template the flower in a similar way. Having just learaed what 
parts it consists of, let ns consider the plan upon which it is made, 
and endeavor to trace this plan through some of the various forms 
winch blossoms exhibit to our view. 

2S7. In order to ^ve at the outset a correct idea of the blossom, 
we took, in the last Lesson, for the purpose of explaining its parts, a 
perfect, complete, regular, and symmetrical flower, and one nearly as 
nmph as such a flower could well be. Such a blossom the botanist 
regards as 

238. A Typical FlOfftr, that is, a pattern flower, because it well ex- 
emplifies the plan upon which all flowers are made, and serves as 
what is called a type, or standard of comparison. 

239. Another equally good typical flower (except in a single re- 
spect, which will hereafter be mentioned), and one readily to be ob- 
tained in the summer, is that of the Flax (Fig. 174). The parts 
differ in shape from tiiose of the Stonecrop ; but the wh<ile plan is 
evidently just the same in both. Only, while the Sloneerop has ten 
stamens, or in many flowers eight stamens, — in all cases Just twice 
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as man; as there are petals, — the Ftax haa only five stamens, or 
just as many as the petals. Sut;h flowers as these are said to be 

Perfect, because they are 
provided with both kinds of 
essential organs (230), namely, 
stamens and pistils ; 

Complete, because they have 
all the sort! of organs which 
any flower has, namely, both 
calyx and corolla, as well as 
stamens and pistils ; 

Eegidar, because all the parts u* 

of each set are alike in shape and size ; and 

&/mmelrica!, because they hare an equal nnmber of parts of each 
sort, or in each set or circle of 
organs. That is, there are five 
sepals, five petaLi, five stamens, 
or in the Stonecrop ten stamens 
(namely, two sets of five each), 
and five pistils. 

240. On the other hand, 
many flowers do not present 
this perfect symmetry and reg- "* 

,n nlarity, or this completeness of parts. Accord- 

ingly, we may have 

241. Imperteel, or Sepuiled Flaven; which are 

.0 those where the stamens and pistils are in separate 
\ blossoms ; that is, one sort of flowers has stamens 
and no pistils, and another has pistils and no sta- 
mens, or only imperfect ones. The blossom which 
has stamens but no pistjis b called a itamineUe or 
sterile flower (Fig. 176) ; and the corresponding 
one with pistils bnt no stamens is called a pislil' 
late or fertile flower {Fig. 177). The two sorts 
may grow on distinct plants, from different roots, 
as they do in the Willow and Poplar, tiie Hemp, and the Moonseed 

FIG. 174. nowinr of ih» eommon Fl»i; 1 pBrfeH, eompUta, repiUr, imd syminalriul 
blOHoni.iUiUpaitaiiiflio!. 175. Ilairofii Flai-flowar divided lenphwiH, and enlarged. 
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(Fig. 176, 177) ; when the flowers are said to be diaeiotu (from ttro 
Greek words meaning in two households). Or the two may occur 
on the same plant 
or the Bame stem, 
as in the Oak, 
^ 'Walnut, Mettle, 
and the Castor-oit 
Plant {Fig. 178): 
when the flowers 
are said to be mo- 
nmciou^ (that is, in one household). A flower 
may, however, be perfect, that is, hare both 
Btamena and pistils, and jet be xtKompUte, 

242. Ineoniplete Fiowen are those in which 
one or both sorts of the floral envelopes, or 
leaves of the blossom, are wanting. Some- 
times only one sort is wanting, as in the 
Castor-oil Flant (Fig. 178) and in the Anem- 
"* one (Fig. 179). In this case the miedng 

sort IB always supposed to be the inner, that is, the corolla ; and 
accordingly such flowers are said to be apetaUmt (meaning without 
petals). Occasionally both the corolla and the calyx are wanting, 
when the flower has no proper cover- 
ii^ or floral envelopes at alL It is then 
said to be nfdctd, as in the Lizard's- 
tail (Fig. 180), and in the Willow. 

243. Our two pattern flowers (Fig. 

168, 174) are regular and symmetrical 

(239). Wecommonly 

1 expect this to be the 

case in living things. 

The corresponding 

parts of plants, like the Itmba or members of ani- 
mals, are generally alike, and the whole arrange- 
"* meat is symmetrical. This symmetry pervades 

the blotsom, especially. But the student may often fail to perceive 
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it, at first view, at least i 



a where the plan is more or less 




obscured by the leaving out {o!)literali<m) of 
membera of the same set, or by some in- 
equality in their size and shape. Tbe 
latter circumstance gives rise to 

244. Irngnlw Flowers. This name is 
given to blossoms in which the difierent 
members of the same sort, as, for exam- 
ple, the petals or the stamens, are unlike 
in size or in form. We have &miliar 
IN cases of the 

sort ii 
Larkspur ^--^^^ 

(Fig. m,^-::::^^^^ 

184), and 
Monkshood 
(Fig. 185, 
186); also 
in the Vio- '" 

let (Fig. 181, 182). In the latter it 
is the corolla prindpallj which is ir- 
regular, one of tbe petab being larger 
than the rest, and extended at the 
base into a hollow protuberance or 
spur. In the Larkspur (Fig. 183), 
both the calyx and the corolla par- 
\take of the irregnlarity. This and 
' the Monkshood are likewise good ex- 
amples of 

245. UDRpimttrlciiI Flowen. We 
call them unsymmetrical, when the 
different sets of organs do not agree 
in tbe number of their parts. The 
irregular calyx of Larkspur (Fig. 183, 184) consists of five sepals, 
one of which, lai^r than the rest, is prolonged behind into a lai^ 
spur ; but the corolla is made of only four petals (of two shapes) ; 

FIG. ISl. FlDirar el ■ VMM. 183. lU ulyi and ennlli di>pl^«l t lb* On imalKi 
pini tn ihe Hpala ; tli* flva Inieirening luger onea in Ilia petsli. 

FIG. lECl Floirn of i> Liikspur. 184. Id ctlyi uul cofuUii diiplay»d ; ibe Ave lug*r 
p«ecc« an iba aapala ; tbe four amalLar, Ibe penla. 
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the fifth, needed to complete the symmetry, being left out And 
the Monkshood (Fig. 185, 186) has five very dissimilar sepala, 
lu and a corolla of only two, very small, 

curiously-shaped petals ; the three need- 
ed to make up the symmetry being left 
out. For a flower which is unsymmet- 
rical but regular, we may take the com- 
mon Purslane, which has a calyx of 
* only two sepals, but a corolla of five 

petals, from seven to twelve stamens, 
and dx)ut six styles. The Mustard, 
and all flowers of that family, are un- 
symmetrical as to the stamens, these 
being six in number (Fig. 188, while 
the leaves of the blossom (sepals and 
petals) are each only four ,„ 

(Fig. 187). Here the 
stamensareiVregti/oralso, i 
\ two of them being shorter ^^ 
I than the other four. 

246. Hamerical Plan of 
tbtFlovtr. Although not 
easy to make out in all 
cases, yet generally it is 
plain to see that each 
blossom is based upon a particular number, which 
runs through all or most of its parts. And a prin- 
cipal thing which a botanist notices when cvamin- 
ing a flower is its numerical plan. It ia upon this 
that the symmetry of the blossom depends. Our two 
pattern flowers, the Slonecrop (Fig. 168) and the 
Flax (Fig. 174), aire based upon the number five, "* 

which is exhibited in all their parts. Some flowers of this same 
Stonecrop have their parta in fours, and then th^ number runs 
throughout ; namely, there are four sepads, four petals, eight atamena 
(two sets), and four pisUls. The Mustard (Fig. 187, 188), Radish, 
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&c^ also have their flowers constructed on- the plan of four as to the 
calyx &od corolla, but this number is interfered with in the stamens, 
dther by the leaving out of two sta- 
mens (which would complete two sets), , 
or in some other waj. Next to five, \ 
the most common number in flowers 
U three. On this number the flowers 
of Lily, Crocus, Iris, Spiderwort, and 
Trillium {Fig. 189) are constructed, i 
In the Lily and Crocus the leaves of 
the flower at first view appear to be 
six in one set ; but the hud or just- »> 

opening blossom plainly shows these to consist of an outer and an 
inner circle, each of three parts, namely, of calyx and corolla, both of 
the same bright color and delicate texture. . In the Spiderwort and 
Trillium (Fig. 189) the three outer 
leaves, or sepals, are green, and dif- 
ferent in texture from the three inner, / ^ T7t%% ^ 
or the petals ; the stamens are six 
(namely, two seta of three each), and 
the pistils three, though partly grown 
tt^ther into one mass. "° 

247. tlttrnation of Paris. The symmetry of the flower is likewise 
shown in the arrangement or relative position of successive parts. 
The rule is, that the parts of successive circles aUemaU with one 
another. That is, the petals stand over the intervals between the 
sepals i the stamens, when of the same number, 
Bland over the intervals between the petals ; or 
ice as many, as in the Trillium, the 
' set alternates with the petals, and the 
inner set, alternating with the other, of couree 
stands before the petals ; and the pistils alter- 
nate with these. This is shown m Fig. 189, 
and in the diagram, or cross-section of the same in the bud, Fig. 190. 
And Fig. 191 is a similar diagram or ground-plan (in the form of a 
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section made acroea the bad) (^ the Flax Uossoro, the example of a 
pattern eymmetrical flower takea at the beginning of thia Lesson, 
with its parts all in Gves. 

248. Knowing in this way jiut the posiUon which each organ 
should occupy in the flower, it is readily understood that flowers 
often become unsymmetrical through the loss of some parts, which 

belong to the plan, but are obliterated 
or left out in the execution. For ex- 
ample, >a the Larkspnr (Fig. 183, 
184), as there are £ve sepals, there 
I should be five petals likewise. We 
fiod only four ; but the vacant place 
where the fifth belongs is plainly rec- 
■M in ognized at the kiwer side of the flower. 

Also the similar plan of the Monkshood (Fig. 186) equally calls for 
fire petals ; but three of them are entirely obliterated, and the two 
that remain are reduced to slender bodies, which look as unlike or- 
dinary petals as can well be imagined. Yet their position, answer- 
ing to the intervals between the upper sepals and the side ones, 
reveals their true nature. All this may perhaps he more plainly 
shown by corresponding diagrams of the calyx and corolla of the 
Larkspur and Monkshood (Fig. 192, 193), in which the places of 
the missing petals are indicated by faint dotted lines. The oblitera- 
tion of stamens is a still more common case. For example, the 
Snapdragon, Foxglove, Gcrardia, and almost all flowers of the 
lai^ Figwort family they belong to, have the parts of the calyx 
and corolla five each, but only four stamens (Fig. 194) ; the place 
on the upper side of the flower where the fiHh stamen belongs is 
vacant. That Ihere is in such cases a real obliteration of the miss- 
ing part is shown by the 

249. Abortivt Ofsbdi, or vestiges which are sometimes met with ; 
— bodies which stand in the place of an organ, and represent it, 
although wholly incapable of fulfilling its office. Thus, in the Fig- 
wort family, the fifth stamen, which is altogether missing in Gerardia 
(Fig. 194) and most others, appears in the Figwort as a little scale, 
and in Fenlstemon (Fig. 195) and Turtlehead as a. sort of filament 
without any anther ; — a thing of no use whatever to the plant, but 

FIG. 199. DlBBiam oC Iba ulyi i 
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■very interesting to the botanist, since it completes the symmetry of 
the blossom. And to show that this realij is the lost stamen, it 
now and then bears an anther, or the rudiment of one. So the 
flower of Catalpa should likewise have five stamens ; but we seldom 
find more than two good ones. Still we a* 

may generally discern Ihe three others, 
as vestiges or half-obliterated stamens 
(b'ig. 196). In separated flowers the 
nidimenta of pistils are often found in 
the sterile blossom, and rudimentary sta- 
mens in the fertile blossom, as in Moon- 
seed (Fig. 177). 

250. iDldplinthni of FUU. Quite in 
the opposite wa^, the simple plan of the 
flower is often more or less obecured by ( 
an increase in the number of parts. In 
the White Water-Lily, and in laaoj 
Cactus-flowers (Fig. 197), all the parts 
are very numerous, so that it is hard 
to say upon what number the blos- 
som is constructed. But more com- 
monly some of the seta are few and 
definite in the number of their parts. . 
The Buttercup, for instance, has flve^ 
sepals and five petals, but many sla-]^ 
mens and pisUls ; so it is built upon 
the plan of five. The flowers of Mag- 
nolia have indefinitely numerous stamens 
and pistils, and rather numerous floral im 

envelopes ; but these latter are plainly distinguishable into sets of 
three ; namely, there are three sepals, and six petab in two circles, 
or nine in three circles, — showing that these blossoms are con- 
structed on the number three. 



FIQ. 1S4. Conlla of ■ pnrpla GHirdU Uld opaa, nbowini On four mumb 
•bowa iThtn ttas Bdh muisb wduIiI b*, it prsHni. 

PtO. IBS. CoTOllK, laid opan, uid auntan* of FanlaiaDon (nndiUoiiu o( low 
litetila aiUDenlln Iba ptncaoTtbe SlUi aumen, mil lapnaanllDf it. 

FIG. 196. Corotli of Cilalpa laid apen, diapliyinj Ino food atamaoa ud Hi 
T«aU|e« of aurnans. 
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LESSON XIV. 

HOnPHOLOGY OF THE FLOWEH, 

251. In all the plant till we came to the blossom we found nothing 
but root, stem, and leaves (23, 118). However various or strange 
their shapes, and whatever their use, everj-thing belongs to one of 
these three oi^ans, and everything above ground (excepting the rare 
case of aerial roota) is either stem or leaf. We discern the stem 
equally in the stalk of an herb, the trunk and branches of a tree, the 
trailing or twining Vine, the straw of Wheat or other Grasses, the ■ 
columuar trunk of Palms (Fig. 47), in the flattened joints of the 
Prickly-Pear Cactus, and the rounded body of the Melon Cactus 
(Fig. 76). Also in the slender runners of the Strawberry, the 
tendrils of the Grape-vine and Virginia Creeper, the creeping 
subterranean shoots of the Mint and Couchgrass, the tubers of the 
Potato and Artichoke, the solid bulb of the Crocus, and the solid 
part or base of scaly bulbs ; as is fully shown in Lesson G. And in 
Lesson 7 and elsewhere we have learned to recognize the leaf alike 
in the thick seed-leaves of the Almond, Bean, Horseciiestnut, and the 
like (Fig. 9 - 24), in the scales of buds (Fig. 77), and the thickened 

FIO. IBT. A CKtiu-Dowgr, vie iif M«giilliihica<|riUiBo(IlM Uppoc UtMOUL 
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scales of bulba (Fig, 73-75), in the spines of ihe Barberry and the 
tendrils of the Pen, in the fleshy rosettes of the Houaeleek, the 
Btrange fly-trap of Dioniea (Fig. 61), and the corions pitcher of Sar- 
racenia (Fig. 79). 

2d2. Nov the student who understands these varied forms or 
nutantorphotet of the stem and leaf, and knows how to detect Ihe 
real nature of any part of the plant under any of its disguises, 
may readily trace the leaf into the blossom als<^ and perceive that, 
as to their morphology, 

253. Flowcn are allfred Branebes, and their parts, therefore, altered 
leaves. That ia, certain bud^, which might hare grown and length- 
ened into a leafy branch, do, under other circumstances and to ac- 
complish other purposes, develop into blossoms. In these the axis 
remains short, nearly as it is in the bud ; the leaves therefore ^main 
close together in seta or circles; the outer ones, those of the calyx, 
generally partake more or less of the character of foliage ; the next 
set are more delicate, aod form the corolla, while the rest, the sta- 
mens and pistils, appear under forms very different from those of 
ordinary leaves, and are.concerned in the production of seed. This 
is the way the scientific bolanist views a flower; and this view gives 
to Botany an interest which one who merely notices the shape and 
counts the parts of blossoms, without understanding their plan, has 
no concep^n of. 

2o4. That flowers answer to branches may be shown first from 
their position. As explained in the Lesson on Inflorescence, flowers 
arise from the same places as branches, and from no other j flower- 
buds, like leaf-buds, appear either on the summit of a stem, that is, 
as a terminal bud, or in the axil of a leaf, as an axillary bud (196). 
And at an eariy stage it is ol^en impossible to foretell whether the 
bud is to give rise to a blossom or to a branch. 

255. That the sepals and petab are of the nature of leaves is 
evident from their appearance ; persons who are not botanists com- 
monly call them the leaves of the flower. The calyx is most gen- 
erally green in color, and foliaceous (leaf-like) in texture. And • 
though the corolla is rarely green, yet neither are proper leaves 
always green. In our wild Painted- Cup, and in some scarlet Sages, 
common in gardens, the leaves just under the flowers are of the 
brightest red or scarlet, often much brighter-colored than the corolla 
itself. And sometimes (as in many Cactuses, and in Carolina All- 
spice) there is such a regular gradation from the last leaves of the 
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plant (bracts or bractlets) into the leaves of the ealTx, that it is im~ 
poesible to say where the one ends and the other begins. And if 
sepals are leaves, so also are petals ; for there is no clearly fixed 
limit between them. Not only in the Carolina Allspice and Cactus 
(Fig. 197), but in the Water-Lily (Fig, 198) and a variety of 
flowers with more than one row of petals, there is Eueh a complete 
transition between calyx and corolla that no one can surely tell how 
many of the leaves belong to the one and how many to the other. 

256. It is very true that the calyx or the corolla often tukes the 
form of a cup or lube, instead of being in separate pieces, as in Fig. 
194-196. It is then composed of two or more leaves grown 
tt^ether. This is no objection to the petals being leaves ; for the 
same thing takes place with the ordinary leaves of many plants, as, 
for instance, in the upper ones of Honeysuckles (Fig. 133). 

257. That stamens are of the same general nature as petals, and 
therefore n modification of leaves, is shown by the gradual transitions 
that occur between the one and the other in many blossoms ; es- 
pedally in cultivated flowers, such as Koses and Camellias, when 
they begin to double, that is, to change their stamens into petals. 
Some wild and natural flowers show the same interesting transitions. 
The Carolina Allspice and the White Water-Lily exhibit complete 
gradations not only between sepals and petals, but between petals 
and stamens. The sepals of the Water-Lily are green outside, but 
white and petal-like on the inside ; the petals, in many rows, grad- 
ually grow narrower towards the centre of the flower ; some of these 
are lipped with a (race of a yellow anther, but still are petals ; the 
next are more contracted and stamen-like, but with a flat petal-like 
filament ; and a further narrowing of this completes the genuine sta- 
men. A series of these stages is shown in Fig. 198. 

258. Pistils and stamens now and then change into each other in 
some Willows ; pistils ot^en turn into petals in culdvated flowers ; 
and in the Double Cherry they occasionally change directly into 
small green leaves. Sometimes a whole blossom changes into a 

■ cluster of green leaves, as in the " green roses " which are occa- 
sionally noticed in gardens, and sometimes It degenerates into a 
leafy branch. So the botanist regards pistils also as answering to 
leaves. And his idea of a pistil is, that it consists of a leaf with its 
margins curved inwards till they meet and unite to form a closed 
cavity, the ovary, while the tip is prolonged to form the style and 
)icar the stigma; as will be illustrated in the Lesfon upon the FisliL 
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259. Moreover, the arrangement of die parts of the flower answers 
to that of leaves, aa illnstrsted in Lesson 10, — either to a succe»- 
eion of whorls alternating witli each other in the manner of whorled 
leaves, or in some regular form of spiral arrangement. 



LESSON XV. 

MORPHOLOGY OF THE CALYK AND COROLLA. 

260. Hating studied the flower as a whole, we proceed to con- 
sider more particularly its several parts, especially as to the principal 
differences they present in different plants. We naturally begin 
witb the kavei of the Uouom, namely, the calyx and corolla. And 
first ns to 

261. Tht Gniwin? f^lfcer of Plrts. It is this more than anything 
else which prevents one from taking the idea, at first siglit, that the 
flower is a sort of very short branch clothed with altered leaves. 
For most blossoms we meet with have some of their oi^ns grown 
together more or less. * We have noticed it as to the corolla of Ge- 
rardia, Gatalpa, tec (Fig. 194-196), in Lesson 13. This growing 
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togetlier takes place in two wa^ : eiUier parts of the same kind, 
or parts of diiferent kinds, may be uniled. The first we may odl 
simplj the union, the second the eoruoU- 
, dation, of parts. 

262. Union or Cohedon viA one another 
o/parU of the tame tort. We veiy com- 
monly find that the calyx or the corolla 
is a cup or tube, instead of a set of leaves. 
Take, for example, the Hower of the Stra- 
monium or Tbom-Apple, where both the 
calyx and the corolla are so (Fig. 199); 
likewise the common UomiDg-Glory, aad 
the figures 201 to 203, where the leaves 
of the corolla are united into one piece, 
but those of the calyx are separate. Now 
there are numerous cases of peal leaves 
growing together much in the same 
way, — those of the common Thorongh- 
wort, and the upper pairs in Woodbines 
or Honeysuckles, for example (Fig. 132) ; 
"* 80 that we might expect it to occur in 

the leaves of the blossom also. And that this is the right view to 
take of it plainly appears from the transitions everywhere met with 
in different plants, between a calyx or a corolla of separate pieces 
and one forming a perfect tube or cup. Figures 200 to 203 show 
one complete set of such gradations in the corolla, and Fig. 204 lo 
206 another, in short and open corollas. How many leaves or petals 
each corolla is fonned of may be seen by the number of points or 
tips, or of the notches (called tinutet) which answer to the inter- 
vals between them. 

263. When the parts are united in this way, whether much or 

little, the corolla is said to be monopetalotu, and the calyx mono- 

sepahu*. These terms mean " of one petal," or " of one sepal " ; 

that is, of one piece. Wherefore, taking the corolla or the calyx 

rhole, we say that it is parted when the parts are separate 

; to the base, as in Fig. 204; eUfl or lob«d when the notches 

t extend below the middle or thereaboute, as in Fig. 20d ; 

IBS. FlowamrtbeecainKuiBnuHiidunii both lbs oilxiuul UwsHDllavilbUMii 
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toothed or dentate, when onlj the lipa are separate as sliort points; 
entire, wLen tbe border is even, vitbout points or notches, as in the 




common Morning-Glory, and very nearly so in Fig. 203; and so 
on ; — the* terms being just Uie same as those applied to leaves and 
h11 otber flut bodies, and illustrated in Lessons 8 and 9. 

2Gi. There b a Eet of terms t4>plied particularly to calyxes, 
corollas, or other such bodies of one piece, to espress their general 
shape, which we see is veiy various. The following are some of 
the principal : — 

Wheel-skaped, or rotate ; when spreading out at once, without a 
tube or with a very short one, Eomething in the shape of a wheel 
or of its diverging spokes, as in the corolhi of the Potato and Bitter- 
sweet (Fig. 204, 205). 

Sdhjer-shaped, or talver-form ; when a flat-spreading border is 
raised on a narrow tube, from which it diverges at nght angles, 




like the salver represented in old pictures, with a slender handle 
beneath. The corolla of the Phlox (Fig. 206) and of the Cypress- 
Vine (Fig. 202) are of this sort. 

'onopirnlii 
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SeUshaped, or eampanuhte ; where a short tuid broad tubo 
widens upward, id the shape of a bell, as in Fig. 207, 

Funnelrihaped, or funnd-form ; gradually spreading at the snm- 
mit of a tube which is narrow below, in the shape of a funnel or 
tunnel, as in the corolla of the common Morning-Glory, and of the 
Stramonium (Fig. 199). 

Tubular ; when prolonged into a tube, witbont much spreading at 
the border, as in the corolla of the Trumpet Honeysuckle, the calyx 
of Stramonium (Fig. 199), &c 




26o. In most of these cases we may distinguish two parts ; namely, 
the tvhe, or the portion all in one piece and with its sides upright of 
nearly bo ; and the harder or limb, the cpreading portion or summit. 
Tlie limb may be entire, as in Fig. 203, but it is more comm<Hily 
lahed, that is, partly divided, as in Fig. 202, or parted down nearly 
to the top of the tube, as in Fig. 208, &c 

266> So, likewise, a separate petal is sometimes distinguishable 
into two parts ; namely, into a narrowed base or slalk-like part (as 
in Fig. 200, where this part is peculiarly long), called the daw, and 
a spreading and enlai^ed summit, or body of the petal, called the 
lamina or Uade. 

267. When parts of the same set are not united (as in the Flax, 
Cherry, Stc, Fig. 212 - 215), we cnll them distinct. Thus the sepals 
or the petals are distinct when not at a1I united with each other. As 
a calyx with sepals united into one body is CJilled mtmosepaloui (263, 
that is, one-sepalled). or sometimes mtmophylloui, that is, one-leaved ; 
so, on the other hand, when the sepals are distinct, it is said to be 

FIO. ao7. Flower of IbeHirobell, wilh « cimparulMa or be1lJ>hiiped eoitilli. ««. Of» 
Phloi, wirh nlTirOiiped crnnlliu S09. Of Dniiii- 
pi|>iif ) comlln. 9ID. Of SnupdniDn, wJth Ubiu 
wHli ■ HDilUf i»tDll> ^wind M 111* but. 
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pofyifpahut, that is, composed of several or man; sepals. And a 
corolla with distinct petals is Gaid to be polgpetalous. 

268. GoUOlldatiOD, the growing together of tite parts of two or more 
differeid set». In the most natural or pattern flower (as explained 
in Lessons 13 and 14), the 

several parts rise from the 

receptacle or axis in succea- [ 

sion, like leaves upon a veiy \ 

short stem ; the petals just 

above or within the sepals, 

the stamens just above or 

within these, and then thu 

pistils next the summit or ^ 

centre. Now when contiguous parts cf different sorts, one within 

the other, unite at their base or origin, it c^Mcures more or less the 

plan of the flower, by consolidating organs which in the pattern 

flower are entirely sepurate, ,1, 

269. The nature of this con- 
solidation will be at once un- 
derstood on comparing the fol- 
lowing series of illustrations. 
Fig. 212 represents a flower of 
the common Flax, cut through 
lengthwise, so as to show the 
attachment (or what the bot- 
luiist calls the insertion) of all 
the parts. Here they are all 
insetied on, that is grow ont , 
of, the receptacle or axis of( 
the blosswn. In other words, 
there is no union at all of the 
parts of contiguous circles. So 

the parts are said to be free, »< 

And the sepals, petals, and stamens, all springing of course from 
beneath the pistils, which are on the very summit of the axis, are 
said to be Agpoggnous (a term composed of two Greek words, mean- 
ing " under the pistil "). 



FIG. aia. A Fli.-flnwM, cut Ihr 
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270. Fig. 218 is a flower of a Cht:rry, cut through lengthwise in 
the same way. Here the petals and the etamene grow oat <^, that 
ia, are interted on, the calyx ; ia other words they cohere or are 
consolidated with the baae of the calyx up to a certain height. In 
such cases they are said to be perigynou* (from two Greek words, 
meaning around the pistil). The consolidation in the Cherry is cod- 
fined to the calyx, corolla, an^ stamens : the calyx ia still free from 
the pistil. One step more we have in 

271. Eig. 214, which is a similar section of a flower of a Purslane. 

Here the lower part of the 
calyx (carrying witli it of 
L course the petals and stamens) 
) ia coherent with the surface <tf 
the whole lower half of the 
ovary. Therefore the calyx, 
seeming to rise from the mid- 
dle of the ovary, is said to be 
'* half si^rior, instead of being 

inferior, as it is when enUrely free. It is better to say, however, 
ccdj/x half-adherent to the ovary. Every gradatitm occurs between 
such a case and that of a calyx 
altogether free or inferior, as 
we se0 in different Furshines 
and Saxifrages. The consol- 
idation goes farther, 

272. In the Apple, Quince, 
Hawthorn (Fig. 215), &c. 
Here the tube of the calyx 
is consolidated with the whole 
surface of the ovary ; and its 
limb, or free part, therefore appears to spring from its lop, instead of 
underneath it, as it naturally should. So the calyx is said to be 
superior, or (more properly) adherent to, or coherent with, the ovary. 
In most cases (and very strikingly in tlie Evening Primrose), the 
tube of the calyx is continued on more or less beyond the ovaiy, 
and has (he petals and stamens eonsolidaled with it for some dis- 
tance ; these last, therefore, being* borne on the calyx, are said to 
be perigynow, as before (270). 
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273. But if the tube of the calyx ends immedmtely at the Bummjt 
of the ovary, and ita lobes as well as the corolla and stamens are es 
it were inserted directly cm the ovary, they are said to be epigynont 
(meaning on the pistil), as in Cornel, the HucUebenj, and the Cran- 
beiry (Fig. 216). 

274. IntgnlBritT of Parti in the calyx and corolla has already been 
tMtieed (244) as eometimes obstructing one's view of the real plan of 
a flower. There b infinite variety in this respect; hut what has 
already been »^d will enable the student to uoderslaad these irreg- 
ularities when they occur. We have only room to mention one or 
two cases which have given rise to 

particular names. A very common ' 

kind, among polypetalous (267) 
flowers, is 

275. The i't^Vtonoceow flower 
of the Pea, Bean, and nearly all 

that family. In thb we have an tiT 

irregular corolla of a peculiar shape, which Linnanis likened to a 
butterfly (whence the term, papiUo being the Latin name for a but- 
terfly) ; but the resemblance is 
not very obvious. The five pet- 
als of a papilionaceous corolla 
(Fig. 217) have received flifierent 
names taken from widely diferent 
objects. The upper and larger 
petal (Fig. 218, «), which is gen- 
erally wrapped round all the rest 
in the bud, is called the standard { 
or barter. The two side petab' 
(w) are called the wingt. And 
the two anterior ones (it), the 
blades of which commonly stick 
together a little, and which en- *'* 

close the stamens and pistil in the flower, from their forming a 
body diaped somewhat like the keel, or rather the piow, of an 
ancient boat, are together named the keel. 

276. The Lahiate or bilabiate (that is, two-Upped) flower is a very 
common form of the monopetalous corolla, as in the Snapdragon 

no. 917. Front Tiaworih«pi|iaionu«ui«iiDlU of tbsLocan-liH. 318. Tbepuliut 
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(Fig. 210), Toad-Flax (Fig. 211), Dead-NetUe (Fig. 209), Catnip, 
lloreeminl, Sec; and in the Sage, the Catalpa, Sec, the calyx also is 
two-lipped. This is owing to unequal union of the different parts of 
the same sort, as well as (o diversity of shape. In the corolla two 
of the petals grow together higher than the rest, sometimes to the 
very top, and form the upper Up, and the three remaining ones join 
on the other side of the ffower to form the lower Up, which therefore 
is more or less Ihree-lobed, while the upper lip is at most only two- 
lobed. And if the calyx is also two-lipped, as in the Sage, — since 
the parts of the calyx always alternate with those of the corolla 
(247), — then the upper lip haa three lobes or teeih, namely, is com- 
posed of three sepals united, while the lower has only two ; which is 
the reverse of the arrangement in the corolla. So that all these 
flowers are reaUy constructed on the plan of five, and not on that of 
two, as one.would at first be apt to suppose. In Gerardia,&c. (Fig. 
194, 19o), the number five is evident in the calyx and corolla, but is 
more or less obscured in the stamens (249). In Catalpa this num- 
ber is masked in the calyx by invgular union, and in the Glamens by 
abortion. A different kind of irregular flower is seen in 

277. The Ligvlcae or itrap- 
thaped corolla of most com- 
pound jlawert. What was 
called the compound flower 
of a Dandelion, Succory (Fig. 
221), Thistle, Sunflower, As- 
ter, Whiteweed, &c., consists 
of many distinct blossomfi, 
closely crowded together into 
a head, and surrounded by an involucre (208). People who are not 
botanists commonly take the whole for one flower, the involucre for 
a calyx, and corollas of the outer or of all the flowers as petals. 
And this is a very natural mistake when tlie flowers around the 
edge have flat and open or sirap-shaped corollas, while the rest 
are regular and tnbnlar, but small, as in the Whiteweed, Sunflower, 
&C. Fig. 219 represents such a case in a Coreopsis, with the 
head, or so-called compound flower, cut through ; and in Fig. 220 
we see one of the perfect flowers of the centre or dUk, with a reg- 
ular tubolar corolla (a), and with the slender bract (6) frojn whoso 

riG. 919. HMd of Sowcn (Uu Kullcd " 
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axil it grew ; and aUo one belonging to tbe margin, or ray, with 
a Btrap-sbaped corolla (c), borne ia the axil of a leaf or bract of 



the involucre {d). Here tbe ray-jlower consists merely of a strap- 
t^haped corolla, raided on the email rudiment of an ovary ; it is 
therefore a neutral flower, like those of the ray or margin of the 
cluster in Hydrangea (229, Fig. 167), only of a different shape. 
More commonly the flowers with a strap-shaped corolla are pit- 
lillate, that is, bnvc a pistil only, and produce seed like the others, 
as in Whiteweed. But in the Dandelion, Succory (Fig. 221, 222), 



and all of that tribe, these flowers are perfect, that is, bear both 
siamens and pistib. And moreover all the flowers of the head are 
strap-shaped and alike. 

278. Puzzling us lliese sinip-sbaped corollas appear at first view, 
an attentive inspection will generally reveal the plan upon which 
they are constructed. We can make out pretty plainly, that each 
one consists of flvo petals (tbe tips of which commonly appear as Ave 
teeth at the extremity), united by their contiguous edges, except on 



K. m. A ilica nf Fig. ai9, mors «i1iir|wd, vilh dbs (uUilar perf«l flgwc 
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one side, and spread out flat. To prove that this is the caae, we have 
only to compare Buch a corolla (that of Coreopaia, Fig. 220, e, or 
one frran the Suocoiy, for instance) with that of the Cardinal-flower, 
or of any other Lobelia, which is equally split down along one eide ; 
and this again with the less irregular corolla of the Woodbme, pai^ 
liallj split down on wie side. 



LESSON XVI. 

ESTIVATION, OR THE ARRANGEME^T OF THE CALYX AND CO- 
. ROLLA IN THE BUD. 

279. Estivation or Prmfloration relates to the way in which 
the leaves of the flower, or the lobes of the calyx or corolla, are 
placed with respect to each other in the bud. This is of some 
importance in distinguishing different families or tribes of plants, 
being generally very uniform in each. The cestivation is best seen 

FIG. aSI. CHnpmnd floirBn, I. e. hciila at flmreD, at Sataxj, 
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1^ making a boiizontal slice of the flower-bUd when jost ready to 
open ; and it may be expressed in diagrams, as in Fig. 223, 224. 

280. The pieces of the calyx or the corolla either overlap each 
other in the bud, or they do noL Wheo they do not, the sestivatioa 
is commonly 

Valvaie, as it is called when the pieces meet each other by their 
abrupt edges wi^out nny infolding or overlapping ; as the calyx of 
the Linden or Basswood (Fig. 223) and the Mallow, and tbe coraUa 
of the Grape, Yirginia Creeper, Sec Or it may be 

InduplicaU, which is valv^e with the margins of each piece pro- 
jecting inwards, or involute (like the leaf in Fig. 152), as in the 
calyx of Virgin's-Bower and the corolla of the Potato, or else 

£edvpUcaU, like the last, but the mai^ns projecting outwards 
instead of inwards ; these last being mere vari- 
ations of the valvate form. 

281. When the pieces overlap in the bad, it 
8 in one of two ways : either every piece has 
one edge in and one edge out ; or some pieces 
are wholly outside and others wholly inside. 
In the first case the testivation is 
Convolutt or twitted, as in the corolla of Geranium (most com- 
monly. Fig. 224), Flax (Fig. 191), and of the Mallow Family. 
Here one edge of every petal covers the next 
' before it, whQe its other edge is covered by 
the next behind it. In the second case it is 

Lnhricated or irabricate, or breaking joint*, 
like shingles on a roof, as in the calyx of Ge- 
ranium (Fig. 224) and of Flax (Fig. 191), 
and the corolla of the Linden (Fig. 223). In 
these cases the parts are five in number; and the r^ular way then 
is (as in the calyx of the figures above cited) to have two pieces en- 
tirely external (1 and 2), one (3) with one edge covered by the first, 
while the other edge covers that of the adjacent one on die other 
side, and two (4 and 5) wholly within, their margins at least being 
covered by the rest. That is, they just represent a circle of five 
leaves spirally arranged on the five-ranked or f plan (187, 188, 
and Fig. 143 — 145), only with the stem shortened so as to bring 
the parts close together. The spiral arrangement of the porta of 
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tbe bloasom ia the same aa that of the folisge, — an ndditional evi- 
dence that the flower is a. sort of branch. The petals of the Linden, 
with oolj one outside and one inside, aa shown in Fig. 223, exhibit 
a gradation between the imbricated and the convolute modes. When 
the parts are four in number, generallj two opposite ones overiap the 
other two bj both edges. When three in nomber, then one is outers 
most, the next has one edge ont and the other covered, and the third 
is within, being covered hy the other two; as in Fig. 190. This is 
just the three-ranked (J) spiral arrangement of leaves (186, and 
Fig. 171). 

282. In the Mignonette, and some other flowers, (he (estivation is 
open ; (bat is, the calTZ and corolla are not closed at all over the 
other parts of the flower, even in the young bud. 

283. When the calyx or the corolla is tubular, the shape of the 
tube in the bud has sometimes to be considered, as well as the way 
the lobes are arranged. For example, it may be 

lilted or pUcaie, that is, folded leagthwise ; and the plaits may 
either be turned outwards, forming projecting ridgea, as in the 
corolla of Campanttla ; or turned inwards, as in the corolla of the 
Gentian, &c. When the plaits are wrapped round alt in one direc- 
tion, so as to cover one another in a convolute manner, the (Bstivatioa 
is said to be 

Supervoltae, as in the corolla of Stramoninm (Fig. 225) and the 
Moming-GLory ; and in the Momiog-Glory it is twisted besides. 



(Dinin mtlalaMM), in Um tad. 
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LESSON XVIL 



OP THE STAMENS. 

284. Thk Stamens exhibit nearly the same kinds of Toriotion in 
different speciee that the calyx and corolla do. They may be dis- 
tinel (that is, separate fTom each other, 267) or united. They may 
beyree (269), or else cohererit with other parte : this concerns 

285. Tbeir iDKrUon, or place of attachment, which is most com- 
monly the same as that of the corolla. So, Etamens are 

Ih/pogynout (269), when they are borne on the receptacle, or axis 
of the flower, tinder the pistils, as they naturally should be, and as is 
shown in Fig. 212. 

Perigynont, when borne on (that is coherent below with) the 
calyx ; as in the Cherry, Fig. 213. 

Epiffynont, when borne on tiie ovary, appar- 
ently, as in Fig. 216. To these we may add 

Gynandrout (from two Greek words, answer- 
ing to "stamens and pistil united"), when the 
stamens are consolidated with the style, so aa • 
to be borne by it, as in the Lady's Slipper 
(Fig. 226) and all the Orchis Family. Also 

Bpipetaiout (meaning on the petals), when 
they are borne by the corolla ; as in Fig. 194, 
and in most monopetalous blossoms. As to ^^ 

286. Thtir Union Wllh CBCh other, the stamens may be united by 
their filaments or by their anthers. In the former case they are 

Monad^hout (from two Greek words, meaning " in one brollicr- 
hood"), when united by their filaments into one set, usually into a 
ring or cup below, or into a tube, as in the Mallow-Family, the 
Passion-flower, and the Lupine (Fig. 228). 

Diadelphovs (in two brotherhoods), when so united in two sets, 
as in the Pea and almost all papilionaceous flowers (275) : here 
the stamens are nine in one set, and one in the other (Fig. 227). 

PIG. aae. Btjls ofa Lad^'a Slinm (Cjpriiwdiiim), ud Mimeiii united vitb il : a, a, Iba 
aiiiluin of the Iwo p>Dd itunani ; it., *d ib<<rtir*narwD,w>iit ibuuld ba Ita antltM chaafad 
Into a pMal-like bodj ; ilig., lb* atifma. 
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TVuH&^aAout, is tliree sets or parcels, as io the common St Johns- 
wort; or 

Poi^ad^haut, when in more numeroos sets, as in the Ixtblolly 
Bay, where they are in five clusters. On 
the other hand, stamens are said to be 

Sgngenetioiu, when united by their an- 
thers (Fig. 229, 230), as the; are in Lobelia, 
in the Violet (slight)/), and in what are 
called eon^und fotetrt, such as the Thistle, 
Sunflower, Coreopsis (Fig. 220), and Suc- 
cory (Fig. 222). In Lobelia, and in the 
*" "* Squasli and Pumpkin, the stamens are 

united both by their anthers and their filaments. 

287. Their Nnmber in the flower is sometimes expressed by terms 
compounded of the Greek numerals and the word used to signify 
stamen ; as, montmdrou*, for a flower having 

only one stamen ; diandroui, one with two 

stamens; triandrout, with three stamens; te- 

trtmdrota, with four stamens ; paUandrout, 

with five stamens i and bo on, up to polj/an- 

drttut (meaniug with many stamens), when 

there are twenty or a larger number, as in a , 

Cactus (Fig. 197). All such terms may be 

found in the Glossary at the end of the book. "~ " 

288. Two terms are used to express particular numbers with un- 
equal length. Namely, the stamens are didyiMmous when only four 
in number, two longer than the other two, as in the Mint, Catnip, 
Gerardia (Fig. 194), Trumpet-Creeper, &c; and Mradynamowt, 
when they are six, with four of them regularly longer than the 
other two, as in Mustard (Fig. 188), and all that family. 

289. TfKir FbHs. As already shown (233), a stamen consists of 
two parts, the Filammi and the Anther (Fig. 231). 

290. The FilunCDt is a kind of stalk to the anther : it is to the 
anther nearly what the petiole is to the blade of a leaf. Therefore 
It is not an essential part As a leaf may be without a stalk, so 
the anther may be lessiU, or without a filament. When present, 

FIG. !KT. Diadalphooi iUbibiu nf lb* Pel, Ac 398. MDnidstpiMUi Mudhu of tha 

FIG. 99a ByniBiHdou (tumu gf Conopiii (Fig. SSO, a), Ac 330. 8u», wiOl tttt 
lub« of utben iplil down dd on* iLda and ppread npan. 
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the filament may be of any Bbftpe ; but it is commonly thread-like, 
as in Fig. 231, 234, &c. 

291. IHe intbtr is the essential part of the Etamen. ' 
It is a sort of case, filled witii a fine powder, called 
PoUen, which serves to fertilize the pistil, so that it ' 
may perfect seeds. The anther may be cmuidered, 

292. lb AttBCbmtBt to tbe filament. Of this there are 
three ways ; namely, the aniher is 

Innate (as iiTFig. 232), when it is attached by its base to the 
very apes of the filament, turning neither inwards nor outwards ; or _ 
Adnate (as in Fig. 233), when at- ~ 
tached by one face, usually for its 
whole length, to the side of the fila- 
, ment ; and 

VertadU (as in Fig. 234), when fixed 
by its middle only lo the very point of 
the filament, so as ttf swing loosely, as 
we sea it in the Lily, in Grrasses, &c. 
293. In both the last-named cases, 
S3> 133 mt the anther either looks inwards or out- 

wards. Whea it is turned inwards, or is fixed to that side of the 
filament which locks towards the pistil or centre of the flower, the 
anther is incumbent or inlrorte, as in M^nolia and the Water-Lily. 
-When turned outwards, or fixed to the outer side of the filament, it is 
extrorse, as in the Tulip-tree. 

294. Its Stractant, kc. There are few cases in which the stamen 
bears any resemblance to a leaf. Nevertheless, the botanist's idea of 
a stamen is, that it answers to a leaf developed in a peculiar form 
and for a special purpose. In the filament he sees the stalk of the 
leaf; in the anther, the blade. The blade of a leaf consists of two 
similar sides ; so the anther consists of two lobes or cells, one answer- 
ing to the left, the other to the right, side of the blade. The two lobes 
are often connected by a prolongation of the filament, which answers 
to the midrib of a leaf.: this is called the connective. It is very con- 
spicuous in Fig. 232, where the connective is so broad that it separates 
the two cells of the anther lo some distance from each other. 




tlbflr dLKbiTging potlen- 
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295. To discharge Ihe pollen, (be anther opens (or is dehiKtmy 
at malurity, commonly by a line along ihe wliole 
length of each cell, and which answers to the 
gill of the leaf (as in Fig. 231) ; but when 
' the anthers are extrorse, this line is ofien on the 
outer face, and when introrse, on the inner face 
of each cell. Sometimes the anther opens only 
l^ a chink, hole, or pore at the top, as in the 
« n> Azalea, Pyrola or False Wintei^reen (Fig. 235), 

Ice ; and sometimes a part of the face separates as a «ort of trap-door 
(or valve), hinged at the top, and opening to allow the escape of the 
poUen, as in the Sassafras, Spice-bush, and Barberry (Fig. i 
Most anthers are really fi>ur^:elled when young; 
a slender partition running lengthwise through 4 
each cell and dividing it into two compartments, 
one answering to the upper, and the other to the 
lower, layer of the green pulp of the leaf. Oc- I 
casionally the anther becomes one-celled. This 
takes place mostly by confluence, that is, the two 
cells ruDuing together into one, as they do 

slightly in Pentetemon (Fig. 237) ■" m » 

and thoroughly in the Mallon Family (Fig. 238). Bnt 
sometimes it occurs by the obliteration or disappear- 
B of one half of the anther, as in the Globe Ama^ 
ranth of the gardens (Fig. 239). 

. The way in which a stamen is supposed to be 
constructed out of a leaf) or rather on the plan of a 
■ leaf, is shown in Fig. 240, an ideal figure, the lower 
part representing a stamen with the top of its anther 
cnt away ; the upper, the corresponding upper part of 
a leaf. — The use of the anther is to produce 
■ PoUtn. This is the powder, or fine dust, commonly of a yel- 
low color, which fills the cells of the anther, and is discharged during 
bbssoming, after which the stamens generally fell off or wither away. 




MO Diiinin of tbt lower put al 



D,g,t,.,.d.i. Google 



I.E880N 17.] POLLKV. 115 

Under the inicroecope it is foand to cons'iEt of grains, nsually ronnd or 
oval, and all alike in the same species, but very different in different 
plants. So that the plant maj sometimes be recognized Trom the 
pollen alone. 

298. A grain of pollen is made up of two coats ; the outer coat 
thickish, but weak, and frequently adorned with lines or bands, or 
studded with points ; the inner coat is extremely thin and delicate, 
but exlenuble, and its cavity is filled with a thickish fluid, oflen 
rendered turbid by an immense number of minute grains that float 
in it. When wet, the grains absoih the water and swell bo much 
that many kinds soon burst and discharge their contents. 

299. Figures 241—250 represent some common sorts of pollen, 
magnified one or two hundred diameters, vis.: — A pollen-grain of 
the Musk Plant, spirally grooved. One of Sicyos, or One-seeded 
Cucumber, beset with bristly points and marked by emoolh band's. 
One of the Wild Balsam-Apple (Echino<7«iis), grooved lengthwise. 
One of Hibiscus or Bose>Mallow, studded with prickly points. One 
of Succory, many-sided, and dotted with fine points. A grain of the 
curious compound pollen of Fine. One from the Lily, smooth and 
oval. One from Enchanter's Nighlsbade, with three small lobes on 
the angles. Pollen of Ealmia, composed of four grains united, as in 
all the Heatli family. A grain from an Evening Primrose, with a 
central body and three large lobes. The figures munber from led 
to right, beginning at the top. 
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LESSON XVIII. 

MORPHOLOGY OF PiSTILS. 

300. The Pistil, when only one, occupies the centre of the 
flower ; when there are two pistils, they stand Huang each other in 
the centre of the flower ; when several, they commonly form a ring 
or circle ; and when very numerous, they are generally crowded in 
rows or epiral lines oa the surface of a more or lesd enlarged or 
elongated receptacle. 

301. Their number in a blossom is sometimes CKpressed, in Sys- 
tematic Botany, by terms componnded of the Greek numerab and 
the Greek word used to signify pistil, in the following way. A flower 
with one pistil is said to be monoyyuoua ; with two, dig^ous ; with 
three, trigynom ; with four, tetragyru»u ; with five, pentag^nout, and 
so on ; with many pistils, polj/ffynotu, — terms which are explained 
in the Glossary, but which there is no need to commit to memory. 

303. Tbe Fattl of a Pistil, as already explained (234), are the 
Ovary, the StyU, and the Stigina. The ovary is one essential part : 
it contains the rudiments of seeds, called Ovtdet. The stigma at 
the summit is also essential : it receives the pollen, which fertilizes 
the ovules in order that they may become seeds. But the style, the 
tapering or slender column commonly borne on the summit of the 
ovary, and bearing the stigma on its apex or its side, is no more neces- 
sary to a pistil than tbe filament is to the stamen. Accordingly, there 
is DO style io many pistils : in these the etigma is tettile, that is, rests 
directly on the ovary. The stigma is very various in shape and 
appearance, being sometimes a Utile knob (as in the Cherry, Fig. 
213), sometimes a small point, or small surface of bare, moist tissue 
(as in Fig. 254 - 256), and sometimes a longitudinal crest or line 
(as in Fig. 252, 258, 267, 269), and also exhibiting many other 
shapes. 

303. The pistil exhibits an almost infinite variety of forms, and 
many complications. To understand these, it is needful to begin 
with the simple kinds, and lo proceed gradually to the complex. 
And, flrst of all, the student should get a clear notion of 

804. The Han or Ideal SlnBlnre of Ifce Pistil, or, in other words, of 
the way in which a simple pistil answers to a leafl Pistils are either 
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timpU or compound. A simple pistil answers to a single leaf. A. 
compound pistil answers to two or more leaves combined, just as a 
iDonopetalous corolla (263) answers to two or more petals, or leaves 
of the flower, united into one body. In theory, accordingly, 

SOb. Tbe Simillt Pitlil, or Cirpel (as it is sometimes called), consists 
erf* tbe blade of a leaf, curved until the raai^ns meet and unite, form- 
ing in this way a closed case or pod, which is the ovary. So that 
the npper face of (he altered leaf answers to the inner surface of tbe 
ovary, and the lower, to its outer sucfaoe. And the ovules are borne 
on what answers to the united edges of the leaf. The tapering sum- 
mit, rolled together and prolonged, forms the style, when there is 
any ; and the edges of the altered leaf turned outwards, either at 
the tip or along the inner side of the style, form the stigma. To 
make this perfectly clear, compare a leaf folded together in this way 
(as in Fig. 351) with a piaiil of a 
Garden Pseony, or Larkspur, or with 
that in Fig. 252; or, later in the 
season, notice how these, as ripe pods, 
split down along the line formed by i 
tbe united edges, and open out again { 
into a sort of leaf, as in the Marsh- ' 
Marigold (Fig. 253). In the Double- 
flowering Cherry the pistil occasion 
ally is found changed back again into 
a small green leaf, partly folded, much as in Fig. 251. 

306. Fig. 172 represents a simple pistil on a larger scale, the 
ovary cut through to show how the ovules (when nnmerous) are 
attached to what answers to the two margins of the leaf. The 
Stonecrop (Fig. 168) has five such pistils in a circle, each with the 
side where the ovules are attached turned to the centre of the flower. 

807. The line or seam down the inner side, which answers to the 
united edges of the leaf, and bears the ovules, is called Ihe ventral or 
inner Suture. A corresponding line down the back of tbe ovary, 
and which answers to the middle of the leaf, is named the dortal or 
outer Suture. 

308. The ventral suture inside, where it projects a little into the 
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cmity of the ovary, and bean the ovules, is called the I^aetiOa. 
Ohviously a simple pistil can have but one placenta ; but this is hi 
ita nature double, one halt' answering to each margin of the leaf. 
And if the ovules or seeds are at all numerous, they vill be found 
to occupy two rows, one for each margin, as we see in Fi^. 252, 172, 
in the Marsh-Marigold, in a Pea-pod, and the like. 

309. A simple pistil obviously can have but one cavity or cell ; 
except from some condition out of the natural order of things. But 
the converse does not hold true : all pistils of a eingle cell are not 
simple. Many compound pistils are one-celled. 

310. A simple pistil necessarily has but one style. Its stigma, 
however, may be double, like the plocentn, and for the same reason 
(305) ; and it often exhibits two lines or crests, as in Fig. 252, or it 
may even be split into two lobes. 

311. Tht CompOMld Flltil consists of two, three, or any greater 
number of pistil-leaves, 

r carpels (305), in a 
circle, united into one 
body, at least by their 
ovaries. The Culti- 
vated Flax, for exam- 
i pie (Fig. 212), has a 

compound pistil com- , 
I posed of five simple 
ones with their ovaries 
united, while the five 
styles are separate. 
But in one of our 
wild species of Flax, the styles are united into one also, for about 
half their length. So the Common St. John'a-wort of the fields has 
n compound ovary, of three united cariiels, but the iHree styles are 
separate (Fig. 25d), while some of our wild, chrubby species have the 
styles also combined into one (Fig. 256), although in the fruit ihey 
often split into three again. Even the ovaries may only partially 
combine with each other, as we see in different species of Saxifrage, 
some having their two pistils nearly separate, while in others they 
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are joined at the base only, or else below the middle (as in Fig. 
254), and in some they are united quite to the top. 

312. Even when the stjles arc ail consolidated into one, the stig- 
mas are oflen separate, or enough so to show by the number of their 
lobes how many simple pistils are combined to malie the compound 
one. tn the common Lily, for instance, the three lilies of the stigma, 
OS well asTbe three grooves down the ovury, plainly tell aa that the 
pistil is made of three combined. But in the Day-Lily the three 
lobes of the stigma are barely discernible by the naked eye, and in 
the Spiderwort (Fig. 257) ihey are as perfectly united into 
one as the ovaries and styles are. Here the number of 
celb in the ovary alone shows that the pistil is compound. 
These are all cases of 

313. Compound Fiitili with two or more CeDi, namely, with 
as many cells as there are simple pistils, or carpels, that 
have united to compose the organ. They are just what 
would be formed if the simple- pistils (two, three, or five 
in a circle, as the case may be), like those of a Fteony or 
Stonecrop, all pressed together in the centre of the flower, 
were to cohere by their contiguous parts. 

314. As each simple ovary has its placenta, or seed- fo^ 
bearing line (308), at the inner angle, so 'the resulting "^ig^ 
compound ovary has as many aiile placenlte (ihat is, as ^" 
many placenta in the axis or centre) as there are pistil-leaves in 
its composition, but all more or less consolidated into one. This is 
shown in the cross-sections, Fig. 254 - 256, Sec 

315. ITie partitions (or Dissepimentt, as they are technically 
named) of a compound ovary are accordingly part of the walls or 
the sides of the carpels which compose it. Of course they are double, 
one layer belon^ng to each carpel ; and in ripe pods they often split 
into the two layers. 

316. We have described only one, though the commonest, kind of 
compound pistil. There are besides 

317. ODfCCUed CompoOBd Pistils. These are of two sorts, those with 
axiU, and those with parietal placerU^. That is, first, where the 
ovules or seeds are borne in the axis or centre of the ovary, and, 
secondly, where they are borne on its walls. The first of these 
cases, or that 

FIG. as7. PiMil dT Spidenroil ITndsKutU) .' lbs UirH4«l]«l anrj cat ncnw. 
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318. ¥llh a PrW CCBlnl PluXtU. U what we finU in Pui^lane 
' (Fig. 214), and in moat Chickweeds (Fig. 258, 259) and Pinks. 
The difference between this and the foregoing cose is only that the 
delicate partitione hare very early vanished; and traces of them 
may often be detected. Or Eometimes thia ia a variatiMi 
' of the mode 

819. Witb Puictll Flannta, namely, wiil^tbe ovules 
and seeds borne on the sides or wall {pariaet) of the 
ovary. The pistil of the Prickly Poppy, Bloodroot, 
Violet, Frost-weed (Fig. 261), Gooseberry, and of 
many Hypericums, ate of this sort To understand it 
perfectly, we have only to im^ne two, three, or any 
number of carpel-leaves (like that of Fig. 
251), arranged in a circle, to unite hy their 
contiguous edges, and so form one ovary 
or pod (as we have endeavored to show in Fig. 2& 
— very much as in the Stramonium (Fig. 199) the f 
five petals unite by their edges to compose a mono- i 
pelalous corolla, and the five sepals to form a tubular ) 
calyx. Here each carpel is an open leaf, or partly 
open, bearing ovules along its margins; and each . 
placenta consists of the contiguous margins of two I 
pistil-leaves grown together. 

3S0. All degrees occur between this and the sev- 
eral-celled ovaiy with the placentse in the axis. Com- 
pare, for illustration, the common St. John's-worts, Fig. 255 and 256, 
with Fig. 262, a cross-section of the ovary of a different species, in 
wbicb the three large placentm meet in the axis, but j— ^— ^ 
scarcely unite, and with Fig. 263, a similar section of '^SJff^ 
the ripe pod of the same plant, showing three parietal •''"^-^'^ 
plocentte borne on imperfect panitions projecting i 
little way into the general celL Fig. 261 is the same 
in plan, but with hardly any trace of partitions ; that 
is, the united edges of the leaves only slightly project into the celL 
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■o free. The term " ovary 

a "calyx inferior"; and 



LESSON 18.] OPEN PISTILS. 121 

S2I. The ovary, especially when compound, is often covered by 
and united with llie tube of the calyx, as has already been explained 
(272). We describe this by saying either "ovary adherent," or 
"calyx, adherent," &c. Or we say "^ ovary inferior" when the tube 
of the calyx is adherent througliout to 
the Burface of the ovary, so that its 
lobes, and all tiie rest of tiie flower, 
appear to be borne on its Bunimit, aa 
in Fig. 215 and Fig. 21 G; or ''half- 
inferior" as in the Purslane (Pig. 214), " * 
where the calyx is adherent part way up ; or "ti^ierior," where the 
calyx and the ovary are not combined, a 
and the like, that is, where these parts a: 
superior," therefore, means just the same a 
"ovary inferior," the same as "calyx superior." 
322. Qpea or Gymnoipcnnons Pislil. Tliis is what we have in the 
whole Pine family, the most peculiar, and yet the simplest, 
\ of all pistils. "While the ordinary simple pistil in the eye 
/ of the botanist represents a leaf rolled together into a 
closed pod (305), those of the Pine, Larch (Fig. 264), 
» Cedar, and Arbor-Vite {Fig. 265, 
266) are plainly open leaves, in the form of., 
- scales, each bearing two or more ovules on the v 
inner face, next the base. At the time of ! 
_ blossoming, these pistil-leaves of the young \ 
cone diverge, and the pollen, so abundantly 1 
fihed from the staminate blossoms, falls di- 
rectly upon the exposed ovules. Afterwards 
the scales dose over each other until the 
seeds are ripe. Then they separate again, ^^ "* 
that the seeds may be shed. As their ovules and seeds are not 
enclosed in a pod, all such plants are sud to be Gynmo^ermous, 
that is, naied-seeded. 



FIG. 964. A pUtil, 
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323. OTDla (234). Theee are the bodies wUch are to become 
seeds. They are either ttttile, that is, stalkless, or else bome on a 
Btalk, called the Funiculu$. They may be produced along the whole 
length of the cell, or onlj' at some part of il, generally either at the 
top or the bottom. Id the former case they are apt to be numerous; 
in the latter, they may be few or single {solitary. Fig. 267-269). 
As to their direction, ovules are said to be 

Horizontfd, when they are neither turned upwards nor down- 
wards, as in Fig. 252, 261 ; 

Atcending, when rising obliquely upwards, usually from the side 
of the cell, not from iu very base, as in the Buttercup (Fig. 267), 
and the Purslane (Fig. 214) ; 

Erect, when rising upright from 
the base of the cell, as iu the Buck- 
l wheat (Fig. 268); 

Pendulmit, when hanging from 
towards the top, as in the Flax 
- " (Fig. 212); and 

Stifpmded, when hanging peirendicularly from the very sum- 
mit of the cell, as in the Anemone (Fig. 269), D(^;wood, k^ All 
these terms equally apply to seeds. 

324. An ovule consists of a pulpy mass of tissue, the Niicleui or 
kernel, and usually of one or two coats. In Ihe nucleus the embryo 
is formed, and the coals become the skin or coverings of the seed. 
There is a hole ( Orifice or J/bramen) tbiwugh the coats, at the place 
which answers to the apes of the ovule. The part by which the 
ovule is attached is its base ; the point of attachment, where the ripe 
^eed breaks away and leaves a scar, is named the Hihtm. The 
place where the coats blend, and cohere with each other and with the 
nucleus, is named the Ckalaza. We will point out these parts in 
illustrating the four principal kinds of ovule. These are not difficult 
to understand, although ovules are usually so small that a good mag- 
nifying-glass is needed for their examination. Moreover, their names, 
all taken from the Greek, are unfortunately rather formidable. 

325. The simplest sort, although the least common, is what is 
called the 

Ortkotropous, or ttratghi ovule. The Buckwheat affords a good 

Fto. aer. SecltonDrthsoraiyafuBuiIercup, lenphniie, ihoHiDglta tKendinionile. 
PIO. S68. Section or lb« OTiiy of Buckivbeil. shawin; thg erecl OTule. 
plO. KB. BKIiOD «f ihe crsr^ df Anvnuuii, ilwwiiic iu luiipeBdDd ovule. 
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instance of it : it ia shown in its place in the oraiy in Fig. 268, 
also detached in Fig. 270, and a much more magnified diagram of it 
in Fig. 274. In this liind, the orifice (/) is at the top, the chalaza 
and the hilum (c) are blended at the base or |Nnnt of attaciiment, 
which is at the opposite end ; and the axis of the ovule is strtught. 



If such an ovule were to grow on one side more than on the other, 
and double up, or have its top pushed round aa it enlarges, it would 
become a 

Camp^htropout or curved ovule, as In Cress and Cbickweed (Fig. 
271). Here the base remains as in the straight kind, but its apex 
with the orifice is brought round close to it. — Much the most com- 
mon form of all is the 

Anairopoui or inverted ovule. This is shown in Fig. 2G7, and 
273 ; also a much enlarged section lengthwise, or diagram, in Fig. 
275. To understand it, we have only to suppose the first sort (Fig. 
270) to be inverted on its stalk, or rather to have its stalk bent 
round, applied to one side of the ovule lengthwise, and to grow fast 
to the coat down to near the orifice (/) ; the hilum, therefore, where 
the seed-slalk is to break away {h), is close to the orifice ; but the 
chalaza (c) ie here at the top of the ovule ; between it and the hilum 
mns a ridge or cord, called the Rftapke (r), which is simply that part 
of the stalk which, as the ovule grew and turned over, adhered to its 
surface. — Lastly, the 

Amphitropous or half-anatropotts ovule (Fig. 272) differs from 
the last only in having a shorter rhaphe, ending about half-way 
between the chalaza and the orifice. So the hilum or attachment b 
not far from the middle of one side, while the chalaza is at one end 
and the orifice at the other. 

326. The internal structure of the ovule is sufficiently displayed 
in the subjoined diagrams, representing a longitudinal slice of two 

FIG. STO. Ortholnipdga ot-uk of BuckwheM : e, hiliun ud cbaliui ; ft oriAu. 

FIG. 971. CampyloliDpdns ovule of ■ Ctaickwesd : c, bilum and cbulilM; /, DrtHca. 

Fia. 973. ArqphicropouH avule of MiUoiv : /, ohflu ; *, biliim ; r, ihipha ; c, chilm. 

FIQ. 973. AwiUopaiii ovulsofi VMaij tin puu leuend uin Uislaic 
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ovules ; Fig. 274, an Arthotropous, Fig. 275, an anatropoua otdIc. 
The letters oorrespond in the two ; e, the cbalaza ; /, the orifice ; 
r, rhaphe (of vrhidi there is of course none in Fig. 274) ; p, the 
outer coat, called primine ; t, inner coat, called tecundine ; n, nu- 
cleus or keroeL 



LESSON XIX. 

MORPHOLOGY OF THE RECEPTACLE. 

327. Tas Receptacle' (also called the Torus) is the axis, or 
stem, which the leaves and other parts of the blossom are attached 
to (231). It is commonly small and short (as in Fig. 169) ; hut it 
sometimes occurs in more conspicuous and remarkable forms. 

328. Occaraonally it is elongated, as in some plants of the Caper 
iamily (Fig. 276], making the flower really look like a branch, hav- 
ing its circles of leaves, stamens, ice, separated hj long spaces or 
intemodea, 

329. The Wild Geranium or Cranesbill has the receptacle pro- 
longed above and between the insertion of the pistils, in the foim 
of a slender beak. In the blossom, and until tbe fruit is ripe, it 
is concealed by the five pistils united around it, and their flat styles 
coveting its whole surface (Fig. 277). But at maturity, the five 
small and one-seeded fruits separate, and so do their styles, from the 
beak, and hang suspended from the summit. They split off elasli- 
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cally from the receptacle, curving upwards with a sudden jerk, wliich 
scatters the seed, ottna throwing it to a considerable dbtance. 

330. When a flower 
bears a great many pis- ' 
tils, its receptacle is gen- 
erally enlai^ed so as to 
give them room; some- 
times becoming broad 
and flat, as in the Flow* 
ering Raspberry, some- 
times elongated, as in 
the Blackberry, the Mag- 
nolia, &C. It is the re- 
ceptacle in the Straw- ^ 
berry (Fig. 279), much 

entailed and pulpy when ripe, which fbrms the eatable part of the 
fruit, and<bears the small seed-like pistils on its 
Bur&ce. In the Rose (Fig. 280), instead of being 
convex or conical, the receptacle is deeply con- 
cave, or um-ehaped. Indeed, a Rose-hip may be 
^ likened to a strawberry turned inside out, like 
the finger of a glove reversed, and the whole 
«> covered by the adherent tube of the calyx, which 

remains beneath in the strawberry. 

331. A Bilk is a part of the re- 
ceptacle, or a growth Irom it, en- 
larged under or around the pistiL 
It is hypogynout (269), when free 
from all union either with the pistil T 
or the calyx, as in the Rue and the ( 
Orange (Fig. 281). It is perigy' 
*° BOW* (270), when it adheres to the "' 

base of the calyx, as in the Bladder-nut and Buckthorn (Fig. 283, 

FIG. ETTfl' Flower Of Gfn>Ddn>pili I i)w Tee«pae1a «hlBTKvd and fluttomd wlHre it tiHti 









midille, ind a camj) 
ton WUd Crunblll 



iRtbai 



FIG. sn, 

FIG. BTS. TbaHniB,iipe,wiUi lb*flvapiilils>iilillin( airiyrnini 1 
tide, and lunging rmm Ita (op bj tbeJT it; ]«. 
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263). Often it adheres both to the calyx and lo the oraiy, as in 
New Jersey Tea, the Apple, &<%, coDsolidating the whole together. 
In such caeea it is sometimes carried up and expanded on the lop of 
the ovary, as in the Farsley and 
the Ginseng families, when it ia 
T'fl^iSS^tr^^!'^^^ said to be epigj/nout (273). 
^__&^ \v,>i^/ 3g2_ In Nelumbium, — a largo 

Water-Lily, abounding in the wa- 
}Qr Western Stales, — the 
ungular and greatly enlarged receptacle is shaped like a top, and 
bears the small pisUls immersed in separate cavides (^ its flat apper 
mr&CQ (Fig. 284). 




LESSON XX. 

THE FRUIT. 



833. The ripened ovary, with its contents, becomes the Ihdt 
When the tube of the calyx adheres to the ovary, it also becomes 
a part of the fruit; sometimes it even forms the principal bulk of it, 
as in the apple and pear. 

334. Some fruits, as they are commonly called, are not fruits at 
all in the strict botanical sense. A strawberry, for example (as 
we have just seen, 3S0, Fig. 282), although one of the choicest _/rutf( 
in the common acceptation, is only an enlarged and pulpy receptacle, 
bearing the real fruits (that is, the ripened pistils) scattered over its 

, wilb t ]u(B pailgiBOOi diik. XO. Ttw unw, diridsd. 
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Rur&ce, and too small to be much noticed. And mulberries, £ga, 
and pine-apples are masses of many fruits with a pulpy flower-stalk, 
&C. Passing these bj for the presenl, let us now consiiltT only 

335. Simple Fruits, These are such as are formed by ihc ripening 
of a single pislil, whether simple (30o) or compound (311). 

336. A simple fruit consi:-ts, then, of the Seed-ressel (technically 
called the Pericarp), or the walls of the ovary matured, and the seeU.-i, 
contained in il. Its structure is generally iho same as that of ilie 
ovary, but not always ; because certain changes may take place after 
flowering. The commonest change is the obliteration in the growing 
fruit of some parts which existed in the pistil at the time of flowering. 
The ovary of a Ilorsechestnut, for instance, has llireo cells and two 
ovules in each cell ; but the fruit never has more than three seeds, 
and rarely more than one or two, and only as many cflls. Tut thu 
vestiges of the seeds that have not matured, and of tliu wanting cells 
of the pod, may always be detected in the ripe fruit. This oblitera- 
tion is more complete in tlicJDak and Chestnut. The ovary of the 
first likewise has three cells, that of the second six ov seven cells, 
each with two ovules hanging from the summit. We might there- 
fore expect the acorn and the chestnut to have as many cells, and 
two seeds in each cell. Whereas, in fact, nil the cells and all the 
ovules hut one are uniformly obliterated in the forming fruit, which 
thus becomes one-celled and one-seeded, and lurely can any vestige 
be found of the missing parts. 

337. On the other hand, a one-celled ovary sometimes becomes 
several -celled in the fruit by the formation of false partitions, com- 
monly by cross-partitions, as in the jointed pod pf the Sea-Eocket 
wid Ihe Tick-Trefoil (Fig. 304). 

338. Their Itinils. In defining the principal kinds of simple fruits 
which have particular names, we may classify them, in the first place, 
into, — 1. Fleshy Fruits; 2. Stone Fruits; and 3. Dri/ .Fruits. 
The first and second aie of course indelnseent ; that is, they do not 
Bplit open When ripe to discharge the seeds. 

339. In Jtesky fruits the whole pericarp, or wall of the ovary, 
thickens and becomes soft (fleshy, juiey, or pulpy) as it ripens. Of 
this Ibe leading kind is 

340. Tk Berry, such as the gooseberry and currant, the blueberry 
and cranberry, the tomato, and the grape. Here the whole flesh ia 
equally soft throughout. The orange is merely a berry with a 
leathery rind. 
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341. The Pcpo, or Gourd-fmil, is the sort of beny which belongs 
to ihe Gourd family, mostly with a hard rind and the inner portion 
softer. The pumpkin, squash, cucumber, and melon are the prin- 
cipal examples, 

342. The Pome ia a name applied to the epple, pear, and quince ; 
fleshy fruits like a berry, but the principal tJiicknesB is calyx, only 
the papery pods arranged hke a elar in the cofe really belonging to 
the pistil ilself (333). 

343. Secondly, as to fniiU which are partly fleshy and partly hard, 
one of the most familiar kiudg is 

344. Tbe 8rnpe, or Stone-fruit ; of which the cherry, plum, and 

peach (Fig. 285) are fumiJiHr examples. In 
this the outer part of the thickness of the 
\ pericai'p becomes fleshy, or softens, like a 
/ berry, while the inner hardens, like a nut. 
From the way in which tlie pistil is con- 
structed (30a), it is evident that the fleslty 
part here answers to the lower, and the stone 
'^ to the upper, side of the leaf; — a leaf always 

consisting of Iwo laj-ers of green pulp, an upper and an under layer, 
which are considerably different (439). 

345. Whenever the walls of a fruit are separable into two layers, 
the outer layer is called the Exocarp, Ihe inner, the Endocarp (from 
Greek words meaning "outside fruit" and "inside fruit"). But in 
a drupe the outer portion, being fleshy, is likewise called Sarcocarp 
(which means " fleshy fruit "), and the inner, che Pulameii or stone. 
The stone of a peach, and the like, it will be perceived, belongs to 
the fruit, not to the seed. When the walls are separable into three 
layers, the outer layer is named either exocarp or Spicurp ; the 
middle one is called the JIfesocarp (i. e. middle fruit) ; and the inner- 
most, as. before, the Endocarp. 

346. Thirdly, in dry fruits the seed-vessel remains herbaceous in 
texture, or becomes thin and membranaceous, or else it hardens 
throughout Some forms remain closed, that is, are indekiseent 
(338) ; others are dehiscent, that is, split open at maturity in some 
regular way. Of indehiscent or closed dry fruits (he principal kinds 
are the following. 

347. Tbe icheDiam, or Akene, is a small, onc-scedcd, dry, indehis- 

FIG. ass. LaUKi[uditiali«tiDliofip«Bcli,sboivjiigilMflHlt, IbsBlone, iDdlbsHwl. 
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cent fruit, each as ia popularly taken for a naked seed : 

plainly a ripened ovaiy, and shows the n 

mains of its style or stigma, or Ibe place 
SM from which it I 

fallen. Of this sort | 
are the fruits of the ( 
Buttercup (Fig. 286, 

287), the Cinque-foil, and the Strawberry (Ftg. 
279, 288) ; that is, the real fruits, botanically 
speaking, of the latter, which are taken for seeds, 
not the large juicy receptacle on the surface of 
which they rest (330). Here the akenCs are 
simple pistils (305), very numerous tn the same 
flower, and forming a head of such fruits. In 
the Nettle, Hemp, Sec, there is only one pistil to 
each blossom. 

348. In the raspberry and blackberry, each gnun 
is a similar pistil, like that of the strawberry in the 
flower, but ripening into a miniature stone-fruit, or 
drupe. So that in the strawberry we eat the 
receptacle, or end of the flower-stalk ; in the rasp- 
berry, a cluster c^ stone-fruits, like cherries on a 
very small scale ; and in the blackberry, both a juicy 
receptacle and a cluster of stone-fruits covering it 
(Fig. 289, 290). 

349. The fruit of the Composite family is also 
an achenium. Here the surface of the ovary is 

I covered by an adherent calyx-tube, as is evident 

from the position of the corolla, apparently standing 

on its summit (321, and Fig. 220, a). Sometimes the 

„, limb or divisions of the calyx are entirely wanting, 

as in Mayweed (Fig. 291) and Whiteweed. Sometimes the limb 

of the calyx forms a erowtt or cup on the top of the achenium, as in 

Succory ( Fig. 292) ; in Coreopsis, It often takes the form of two 

blunt teeth or scales ; in the Sunflower (Fig. 293), it consists of two 
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thin scales which fait off at the touch ; in the Sneezeneed, of about 
five very thin scales, which look more like a calyx (Fig. 204) ; and 
in the Thistle, Aster, Sow-Thistle (Fig. 295), and hundreds of others, 
it is cut up into a tufl of fine bristles or hairs. This is called Ihe 
Pappu* ; — a name which properly means the down like that of Ihe 
Thistle ; but it is applied lo all these forms, 
and to every other under which the limb of the 
calyx of the " compound flowers " appears. In 
LettDce, Dandelion (Fig. 296), and the like,' 
the auhenium as it matures tapers upwards 
into a slender beak, like a stalk to the pappus. 




350. A rtritltl is the same as an achenium, but with a thin and 
bladdery loose pericarp ; like that of (he Goosefoot or Pigweed 
(Fig. 297). When ripe it bursts open irregolariy to 
k dischai^ the seed ; or sometimes it opens by a circular 
line all round, the upper part falling off like a lid ; as in 
the Amaranth (Fig. 298). 

351. A Caryopiit, or GntiOi differs from the last only 
in the seed adhering to the tliin pericarp 
throughout, so that fruit and seed are in- 
corporated into one body ; as in wheat, In- 
dian com, and other kinds of grain. 

352. A Nut is a dry and indehiscent fruit, 
commonly cme-celled and one-seeded, wiih a hard, crus- 
taceous, or bony wall, such as the cocoanut, hazelnut, 
chestnut, and the acorn (Fig. 21, 299). Here the 
involucre, in the form of a cup at the base, is called the Oupvie. 
the Chestnut it ibrms the bur ; in the Hazel, a leafy busk. 

FIG. S91, AchmiiiBi of Miyweed (on pippiu). 29a. Thai of Biiccofy [ita pipptu « i 
lowe.ip). 393. Of8unflowet(i»p[iu«oftwodEciduoui.ciLle.). 394. Of BnBBMW«(id(I 
Bium), Hlth ill pappui dT Ilvs ihUi. 995. OfSow-ThMlg, wiib ilapappiuDrdellcilado 
Iiilr-. aw. Oflhs Dmiidolion. in p«iipu«niis«d on » lung beak. 
IG. B9J. Vlricle orihe toniincn Pilweed (Chenopoiliuni ullmni). 

PIG. &9B. Ulrlcb) ||>yil<) oS Amirinlli, openin{ (11 rminil (cireiunciBUe}. 

FIG. S99. Nu<(KORi)DflbaOiik,witliiUcup(«CU|iule). 
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353. A Samtra, or Key-fralt, U either a nut or an achemum, or mj 
other indehiscent fruit, furnished with a wing, like that of the Maple 
(Fig. 1), Ash (Fig. 300), and Elm (Fig. 301). 

354. Tbe Clpule, or Pod, is the general name for dry seed-veesels 
which Bplit or burst open at maturity. 
But several sorts of pod are distin- 
guished by particular namea. Two of 
them belong to simple pistils, namely, 
the Follicle and the Legume. ■ 

355. Thi FoUlelt is a fruit of a simple 
pistil opening along the inner suture 
(307). The pods of the Paeony, Col- 
umbine, Larkspur, Marsh -Marigold 
(Fig. 302), and Milkweed are of Uiis 
kind. The seam along which n 
the follicle opens answers to /^jjjf , 
the edges of the pistil-leaf IBKL a 
(Fig. 251, 253). 1^ ^ 

356. Tht Ltgmnt or true UV ^^^ T 
Pod, like the Pea-pod (Fig. w mi sm li 
303), is similar to tbe follicle, only it opens by the outer as well as 
the inner or ventral suture (307), that is, by what answers to tha 
midrib as well as by what answers to the united margins of tbe leaf. 
It splits therefore into two pieces, which are called valves. The le- 
gume belongs to plants of the Pulso family, which are accordingly 
termed Leffuminota, that is, leguminous plants. So the fruits of this 
family keep tbe name of legume, whatever their form, and whether 
they open or not. A legume divided across into one-seeded joints, 
which separate when ripe, as in Tick-Trefoil (Fig. 304), is named a~ 
Lament. 

357. The trne Cnpsnle is the pod of a compound pistil. Like the 
ovary it resulted from, it may be one-celled, or it may have as many 
cells as tjicre ure carpels in its composition. It may discharge its 
seeds through chinks or poi'es, as in the Poppy, or burst irregularly 
in some part, as in Lobelia and the Snapdragon ; but commonly it 
splits open (or b dehitceiU) lengthwise into regular pieces, called 

FIG. 300. e»n>n«ksTo''tbeWli>(«Aiih. 301. Suninsrthe Amedcu Elm. 

PIG. 3KL Fnllitle<)rMlinh-HliH|<lld(ClIllh>pa1uaIrll). 

FIG. 303. Loguine of a SwHt P«>, opaued. 

PIG. 3H. Ixin*ntiir>iliiMdIe(nD»ofTick-TnluJI(L>MU«IiiiinJ. 
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358. DeAiKenee of a pod resulting from a compound pistil, wben 
regular, takes place in one of two principal wajs, which are beet 

shown in pods of two or three cells. Either the pod 
splits open down the middle of the back of each cell, 
when tbc dehiscence is hculieidal, as in Fig. 305 ; or 
it splits through the partitions, after which eadi cell 
f} generally opens at its inner angle, when it 
is tepticidal, as in Fig. 306. These names 
are of Latin derivation, the first meaning 
"cutting into Ihe cells"; the second, "cut- 
ting through the partitions." Of Ihe first 
sort, the Lilj and Iris (Fig. 305) are good 
examples ; of the second, the Khododcn- 
dron, Azalea, and St. John's-wort, From 
the structure of the pistil (305-311) the 
"" ** student will readily see, that the line down 

the back of each cell answers to the dorsal suture of the carpel ; so 
that the pod opens by this when locuiicidal, while it separates into 
its component carpels, which open as follicles, when septicidal. 
Some pods open both ways, and so split into twice as many valves 
as the carpels of which they are formed. 

359. In locuiicidal dehiscence the valves naturally bear the par- 
titions on their middle ; in the seplicidal, half the thickness of a 
partition is home on the margin of each valve. See the diagrams, 
Fig. 307-309. A variation of either mode sometimes occurs, as 




^/^ 



shown in the diagram, Fig. 301), where the valves break away from 
Ihe partitions. This is called septi/raffol dehiscence ; and may be 
seen in the Moming-Glory. 

360. Three remaining sorts of pods are distinguished by proper 



FIG. 30C Podofii: 
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361. TtK Siliqne (Fig. 310), the peculiar pod of the Mustard fam- 
ily ; which is two-ceUed by a false partition stretched across between 
two parietal placeatte. It geaerally opens by two valves 
from below upwards, and the placenta with the partition 
are left behind when the valves fall off. 

362. A Silitle or Paneh is only a ehort and broad siliqoe, 
like that of the Shepherd's Purse, of the Candy-tufl, &x. 

363. Tbe PfXil is a pod which opens by a circular hori- 

zontal line, the upper part forming a lid, as 
^^ in Purslane (Fig. 311), the Plaalain, Hen- 
^1 'tm bane, &c. In these the dehiscence extends ^ 
^^^^ ^' ronnd, or is circumcissile. So it does 
f? x S!^ in Fig. 298, which i-epresents a sort of one- ■" 
\'""'^ seeded pyxis. In Jcffirsonia or Twin-leaf, the line 
\iv does not separate quite round, hut leaves a portion 

»" to form a hinge to the lid. 

364. Hnltiple or CoHmUtc Fruits (334) are, properly speaking, 
masses of fruits, resulting from several or many blossoms, aggre- 
gated into one body. The pine-apple, mulberry, OsageKirange, and 
the fig, are fruits of this kind. This latter is a peculiar form, how- 
ever, being to a mulberry nearly what a Rose-hip is to a strawberry 
(Fig. 279, 280), namely, with a hoUow receptacle bearing the flowers 
concealed inside ; and the whole eatable part is this pulpy common 
receptacle, or hollow thickened flower-stalk, 

363. A Strobile, or Cone (Fig. 314), is the pe- 
culiar multiple fruit of Pines, Cypresses, and rv 
the like ; hence named Conifers, viz. cone- %\\i\ 
bearing plants. As already shown (322), these ||M 
cones are made of open pistils, mostly in the siy 
form of flat scales, regularly overlying each V 
other, and pressed together in a epike or head. "■ "' 
Each scale bears one or two naked seeds on its inner face. When 
the cone is ripe and dry, the scales lum back or diverge, and the 
seed peels off and falls, generally carrying with it a wing, which was 
a part of the lining of the scale, and which facilitates the dispersion 
of the seeds by the wind (Fig. 312, 313). In Arbor-YltO!, the scales 

FIG. 310. BtliqiiB nf S|iiinti Crem (Cudarains iliomlnide>), openlnt. 
Flo. 311. The pyiiB,i)T pod, oClhe comitinn Funline. 

Flo. 319. Ineide view of s >c>la from lh« cone of Htcli-Pliu ; wLth oat o( d» wed* 
(FiE- 313) diUchtd ; tbe olhei in iu pliui on Uw ectle. 
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of the small cnne are few, and not very unlike the leaves (Fig. 265). 
In Cypress they are very thick at the tup and narrow at the base, so 
as to make a peculiar sort of closed cone. In Juniper and Bed Ce- 
dar, the few scales of the very small cone become fleshy, and fipen 
into a &ait which might be taken for a berry. 



LESSON XXI. 

THE SEED. 

S66. The ovnles (323), wben they have aa embryo (or imde- 
Teloped plaotlet, 16) formed in them, become seeds. 

367. The Seed, like the ovule from which it originates, consists 
of its coats, or integuments, and a kernel. 

368. The Sced-coats are commonly two (324), tbe outer and tho 
*-7^fex inner. Pig. 315 shows the two, in a seed cut through 
' !^^^lil '^•'8^'™^ '^^^ outer coat is often hard or cmetaceous, 
, tp^o!))|l whence it is called the Testa, or shell of the seed ; the 
' -^iM/>? inner is thin and delicate. 

»■ 369. The shape and the markings, so various in dif- 

ferent seeds, depend mostly on the outer coat. Sometimes it Qts 

Fia. 311. Coiwor Filch-I^iis(nnniTlgidi). 

Fia. 31S. Send or Bunwowl rut UirDii(h laBpbwlH : ■, Uw Ulttm « KU i », Um cwUt 
COM ; t, itaa liun ; i. Out ■Ibuman -, c, Ui* raibiTo. 
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the kernel closelj ; Bametimes it is expanded into a wing, as in Ibe 
Trumpet-Creeper {Fig. 316), and occasionally this wing is cat up 
into shreds of tufls, as in the Catalpa ; or inEtead of a 
ving it tavf bear a coma, or tuft of long and soft hairs, 
such as we find in the Milkweed or Silkweed (Fig. 317). { 
The object of wings or downy tufts b to render the seeds i 
bnoyant, so that they may be widely dispersed by tb« ' 
winds. This is clear, not only from their evident adap- 
tation to this porpose, but also from the interesting fact *" 
that winged and tufted seeds are found only in fruits that split open 
at maturity, never in those that remain closed. The coat of some 
seeds U beset with long hairs or wooL Coaon, one of 
the most important vegetable products, — since it forms 
the principal clothing of the larger part of the human 
race, — consists of the long and wdblly hairs which 
thickly cover the whole surface of the seed. Certain 
seeds hare an additional, hut more or less incomplete 
covering, outside of the real seed-coats, called an 

370. Aril, DI Arlllni. The loose and transparent bag 
which encloses the seed of the White "Water-Lily (Fig. »i7 
318) is of this kind. So is the mace of the nutmeg; and also the 

S scarlet pulp around the seeds of the Waxwork (Celastrus) 
and Strawberry-bush (Euonymus), so ornamental in nutumn, 
after the pods burst. The aril is a growth from the ex- 
tremity of the seed-stalk, or the placenta. 
371. The names of the parts of the seed and of its kinds 
s,s are the same as in the ovule. The scar left where the seed- 
stalk separates is called , „ 
the mium. The orifice 
of the ovule, now closed 
up, and showing only i 
small point or mark, it 
named the Micropyle. The terms orthotropoui, oTtatropotu, &c. 

FIG. 316. A winged Hed of Iba Tiiiin)nl-Cnepn. 

FIG. 317. Seed cf MLlhweed, wilb a cema ct luR of Inng rHkf li>ln U one snd. 



FIG. 391. This »ine, cut IhrwiEli lenEil'wiw ; i, ||» hllum ; 
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Kpp^j to seeds just as they do to ovules (325) ; and so do those 
terms which express the direction of the ovule or the seed in the 
cell ; such as erect, oicending, horizontal, pendulmu, or intended 
(333) : therefore it is not necessary to explain them anew. Tlie 
accompanying figures (Fig. 319-322) shov all the parts of the 
most common kind of seed, namely, the anatropous. 

372. The Kenitl, or NodtUi is the whole body of the seed within the 
coats. In many seeds the kernel is all Embryo ; in trthers a lai^ 
part of it is the Albumen. 

873. The AlbDmen of the Eced ia an accumulation of nourishing 
matter (starch, &c), commonly surrounding the embryo, and des- 
tined to nourish it when it begins to grow, as was exphuned in the 
earlier Liessons (30 - 32). It is the floury part of wheat, com (Fig. 
38, 39), buckwheat, and the like. But it is not always mealy in 
texture. In Poppy-seeda it is oily. In the seeds of Preony and 
Barberry, and in the cocoanut, it is JUshy ; in coffee it is corneous 
(that is, hard and tough, like horn) ; in the Ivory Palm it has the 
hardness aa well as the general appearance of ivory, and is now 
largely used as a substitute for it in the &brication of small objects. 
However solid its texture, the albumen always soflens and partly 
liquefies during germinatjon ; when a considerable portion of it is 
transformed into sugai*, or into other forms of fluid nourishment, on 
which the growing embryo may feed. 

374. The Embryo, or Germ, is the part to which all the rest of the 
seed, and also the fruit and the flower, are subservient. When the 
embryo is small and its parts little developed, the albumen is the 
more abundant, and makes up the principal bulk of the seed, as in 
Fig. 30, 321, 325. On the other hand, in many seeds there is no 
albumen at all ; but the strong embryo forms the whole kernel ; as 
in the Maple (Fig. 2, 3), Pnmpkin (Fig. 9), Almond, Plum, and 
Apple (Fig. 11, 12), Beech (Fig. 13), and the like. Then, what- 
ever nourishment is needed to establish the plantlet in the eoil is 
stored up in the body of the embryo itself, mostly in its seed-leaves. 
And these accordingly often become very targe and thick, as in the 
almond, bean, and pea (Fig. 16, 19), acorn (Fig. 21), chestnut, and 
horeechestnut (Fig. 23, 24). Besides these, Fig. 25, 26, 30 to 37, 
43, and 45 exhibit various common fprms of the embryo; and also 
some of the ways in which it is placed in the albumen ; being 
sometimes straight, and sometimes variously coiled up or packed 
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375. The cmliryo, being a rudimenfaiy plantlet, ready formed in 
the seed, has only to grow and develop its parts to become a young 
plant (lo). Even in the seed these parts are generally dislinguish- 
able, and are sonielimea very conspicuous ; as in a Pumpkin-seed, for 
example (Fig. 323, 321). Tbey are, first, 

376. The BBdicle, or rudimentary stemlet, which is sometimes long 
and slender, and sometimes very short, as we may see io the numer- 
ous figures already referred to. In the seed it always 
points to the micropylo (371), or what answers to the , 
foramen of the ovule (Fig. 325, 326). A 
eilion in the fruit, it is said Io be inferior when it points V 
to the base of the pericarp, tuperior when it points to * 
its summit, && The base or free end of the radicle 
gives rise to the root ; the other extremity bears 

377. The ColyledoM or SfWl-UavM. "With these ii 
have already become familiar. The number of 
cotyledons has also been explained to be impor- 
tant (32, 33). In Com (Fig. 40), and in 
Grasses, Lilies, and the like, we have a 

Monocotykdonoui embryo, namely, one fur- 
nished with only a single cotyledon or seed-leaf. - 
rest of our illustrations exhibit various forms of the 

XHcotyUdonaus embryo ; namely, with a pair of cotyledons or seed- 
leaves, always opposite each other. In the Pine family we find a 

Polycotyledonoui embryo (Fig- ^5, 46) ; that is, one with several, 
or more than two, seed-leaves, arranged in a circle or whorL 

378. The PInmule is the little bud, or rudiment of the next leaf or 
pur of leaves after the seed-leaves. It appears at the summit of 
the radicle, between the cotyledons when there is a pair of them, 
as in Fig. 324, 14, 24, &c. ; or the cotyledon when only one is 
wrapped round it, as in Indian Com, Fig. 40. In germination the 
plumule develops upward, to form the ascending trunk or stem of 
the plant, while the other end of the radicle grows downward, 
and becomes the root 

FIG. 323. Embryo of the Pumpkin, Hon flatwiM. 334. Bams cat UiTDugh and dewed 
(dfeniH, enlirgad ; Ihs Hinall plumule leen belncen Ihe colyleddnB nl Iheii bUe. 
FIG. 335. Sa^d of i Violel (Pig. 319) cut Ibinufh, ■hewing Ihs enbryn In the Hclion, 
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370. This completes the circle, and brings our vegetable history 
round to its starling-point in the Second Lesson ; namely, The 
Growth of the Plant from the Seed. 




LESSON XXII. 



HOW PLANTS GROW. 



880. A PLANT grows from the seed, and from a tiny embryo, like 
tliat of the Maple (Fig. 327), becomes perhnpa a lai^ tree, pro- 
ducing CTcTy year a crop of seed», to grow in their turn in the same 
way. But Atw does (be plant grow P A little eeedling, weigliing 
only two or three grains, often doubles its weight every week of its 
earty growth, and ia time may develop into a huge bulk, of many 
tons' weight of vegetable matter. How is tliis done ? What is vege- 
table matter ? Where did it all come from ? And by what means 
ia it increased and accumulated in plants ? Such questions as these 
will now naturally arise in any inquiring mind ; and we must try to 
answer them. 

381. GrOWtil i< the increase of a living thing in tize and substaTiee. 
It appears so natural, to us that plants and animals should grow, that 
people rarely think of it as requiring any explanation. They eny 
that a. thing is so because it grew so. Still we wish to know how 
the growth takes place. 

382. Now, in the foregoing Lessons we explained the whole struc- 
ture of the plant, with all its organs, by beginning with the seedling 
plantlel, and following it onward in its development through the 

FIG. 337. G«iiiiiniuip( embiyo o(a Hlple. 
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whole coarse of vegetation (12, Sec.). So, in attempting to leani 
how this growth took place, it will be best to adopt ttie eame plan, 
and to commence with the commencement, that is, with the first 
formation of a plant This may seem not so easy, because we have 
to begin with parts loo small to be seeo without a good microscope, 
and requiring much skill to dissect and exhibit. But it is by no 
means difficult to describe them ; and with the aid of a few figures 
we may hope to make the whole mat- 

S83. The embryo in the ripe seed 
is already a plant in miniature, as we 
have learned in the Second, Third, 
and Twenty-first Lessons. It is al- 
ready provided with stem ai^d leaves. 
To learn how the plant began, there- 
fore, we must go'back to an earlier 
period still ; namely, to the forma' 
lion and 

384. Growlb of the Embryo itself. 
For this purpose we return to the 
ovule in the pistil of the flower (323). 
During or soon af^er blossoming, a 
cavity appears in the kernel or nu- 
cleus of the ovule (Fig. 274, o), lined 
with a delicate membrane, and so 
forming a closed sac, named the 
' eminyo-scu: {*), In this sac or cav- * 
ity, at its upper end (viz. at the 
end next the orifice of the ovule), 
appears a roundish little vesicle or 
bladder-like body (r), perhaps less q 

than one thousandth of an inch in 

diameter. This is the embryo, or nidimentary new plant, at its 
very begmning. But this vesicle never becomes anything more 
than a grtuQ of sofl pulp, unless the ovule has been acted upon by 
the pollen. 

FIG. 33S. UagnifledpiBllliirBuckwheit; Ihe oriryind dvuIs divided lenglhwiia: Hunt 



iinbiyonal VMich (r). 
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385. The pollen (297) which falls upon the stigma grows there 
in a peculiar way : its delicute inner coat extends into a tube (the 
pollen-tube), which Nnks into the loose tissue of the stigma and 
the interior of the Etyle, Bomething as the root of a seedling 
sinks into the loose soil, reaches the cavity of the ovary, and at 
length penetrates the orifice of an ovule. The point of the pollen- 
tube reaches the Burface of the embryo-sac, and in 
i unexplained way causes a particle of soft pulpy 
^ or muciluginous matter (Fig. 328) to fonn a mem- 
branous coat and to espand into a vesicle, which is 
the germ of the embryo. 
. 386. This vesicle (shown detached and more mag- 
nified in Fig. 329) is a specimen of what botanists call 
a Ceil. Its wall of very dehcale membrane encloses a 
mucilaginous liquid, in which there are often some 
, minute grains, and commonly a lai^r soft mass 
(called ils niicleut). 

387. Growth takes place by this vesicle or cell, 
afler enlarging lo a certain size, dividing by the foi^ 
mation of a cross partition into two such cells, co- 
^ hering together (Fig. 330); one of these into two 
more (Fig. 331); and these repeating the process 
by partitions formed in both directions (Fig, 332); 
forming a cluster or mass of cells, essentially like the 
first, and all proceeding from it. After increasing in number for 
some time in this way, sn n< m n 

nnd by a condnuation of A 
the same process, the em- [J 
bryo begins to shape it- 
self; the upper end forms 
the radicle or root-end, 

while the other end shows a notch between two lobes (Fig. S 
these lobes become the cotyledons or seed-leaves, and the embryo 
as it exists in the seed is at length completed (Fig. 336) 

Kcd, divided into Iva cells. 331. Btme, a lillle for- 
i at young cells. 





D,g,t,.,.d.i. Google 



LEBSOV 22.} OHOWTH OF THE PLANTLRT. 141 

388. Tfat Growth of (he Plantlct when it springs Trom the seed is 
only a coniinuation of the Esme process. The bladder-like celb of 
which the embryo consists multiply in number by the repeated 
division of each cell into two. And the plantlet is merely the ag- 
gregation of a vastly larger number of these cells. This may bo 
clearly ascertained by magnifying any part of a young plantlet. The 
young root, being more transparent "" 
than the rest, answer^ the purpose 
best. Fig. 56, on page 30, repre- j 
sents the end of the rootlet of Fig. I 
5a, magnified enough to show the J 
cells that form the surface. Fig. 
337 and 333 are two small bits of I 
the surface more highly magnified, 
showing the cells still larger. And 
if we make a thin slice through the 
young root both lengthwise and 
crosswise, and view it under a good 
microscope (Fig. S40), we may per- 
ceive that the whole interior is made up of just such cells. It is 
the same with the young stem and the leaves (Fig. 355, 357). 
It is essentially the same in the full-grown herb and the tree. 

}9. So the plant is an aggregation of counilesa milliona of little 

: cells (Fig. 339), as they arc called, essentially like the 

cell it began with in the formation of the embryo (Fig. 

) ; and this first cell is the foundation of the nhole 

, |, .^\ structure, or the ancestor of all the rest. And a. plant 

jjj|i^isakindof stpicture, built up of these individual cells, 

ll! Ii^ something as a house is built of bricks, — only the 

bricks or cells are not brought to the forming plant, 

** but are made in it and by it; or, to give a better 

comparison, the plant is constructed much as a honeycomb is built 

np of cells, — only the plant constructs Itself, and shapes its own 

materials into fitting forms. 

390. And vegetable growth consists of two things ; — 1st, the ex- 
pansion of each cell until it gets its full size (which is commonly not 
more than ^^^ of an inch in diameler) ; and 2d, the multiplication 
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of the ceHs in number. It is by the latter, of coarse, that the prin- 
cipal increase of plants in bulk takes place. 



LESSON XXIIL 

VEGETABLE FABRIC: CELLULAR TISSUE. 

391. OrEanie Stmcllirei A mineral — such aa a cryslal of spar, or 
a piece of marble — may be divided inio smaller and still smaller 
pieces, and yet the minutest portion that can be seen with the mi- 
croscope will have all the cliaracters of the larger body, and be 
capable of still further subdivision, if wo had the means of doing it, 
into just such particles, only of smaller size. A plant may also be 
divided into a number of similar parts': first into branches; then 
each branch or stem, into joints or similar parts (34), each with its 
leaf or pair of leaves. But if we divide these into pieces, the pieces 
are not all alike, nor have they separatdy the properties of the 
whole ; they are not whole things, but fragments or slices. 

392. If now, under the microscope, we Bulnlivide a leaf, or a piece 
of stem or root, we come down in the same way to tlie set of similar 
things it is made of, — to cavities with closed walls, — to Cells, as we 
call them (386), essentially the same everywhere, however they may 
vary in shape. These are the units, or tlie elements of which every 
part coiisists ; and it is their growth and their multiplication which 

FIG. 340. Vi*iT of B liltte cellulu tisBUe oft nuilsi, cut cioHirise uhI lenfUinin. 
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make tbe gnmth oF die plant, as waa ebown in the last Lesson, 
We cannot divide tbem into similar smaller parts baring tbe prop- 
erties of the whole, as we may any mineral body. We may cut 
tbem in pieces; but the pieces are only mutilated parts of a celL 
This is a peculiarity of organic things (2, 3) : it is organic structure. 
Being composed of cells, the main stracture of plants is called 

393. Cellular Tiune. The cells, as they multiply, build up tbe 
tissues or fabric of tbe pltuit, whicb, as we have said (389), may be 
likened to a wall or an edifice built of bricks, or still better to a 
honeycomb composed of ranges of cells (Fig. 340). 

394. The walls of tbe ceUs are united where they touch each 
other ; and so the partition appears to be a simple membrane, 
although it is really double ; as may be sbowa by boiling the tissue 
a few minutes and then pulling the parts asunder. And in soft fruits 
the cells separate in ripening, although they were perfectly united 
into a tissue, when green, like that of Fig 340. 

395. In that £gure the cells fit together perfectly, leaving no 
interstices, except a very small space at some of the corners. 
But in most leaves, the cells are loosely heaped together, leaving 
spaces or passages of all sizes (Fig- 356) ; and in tbe leaves and 
stems of aquatic and marsh plants, in particular, tbe cells are built 
up into narrow partitions, wbicli form tbe sides of large and regular 
canals or passages (as shown in Fig. 341). These passages form 
the holes or cavities so conspicuous on cutting across any of these 
plants, and which are always filled with air. They may be likened 
to a slack of chimneys, built up of cells in place of bricks. 

396. When small and irregular, the interstices are called inier- 
cellular spacet (that is, spaces between the cells). When large and 
regular, they are named ittlerceUular passages or air-passages. 

397. It will be noticed that in slices of the root, stem, or any tissue 
where the cells are not partly separate, the boundaries of the cells 
are usually more or less six-sided, like the cells of a honeycomb ; 
and this is ^t to be tbe case in whatever direction the slice is made, 
whether crosswise, lengthwise, or obliquely. Tbe reason of this is 
easy to see. The natural figure of the cell is globular. Cells which 
are not pressed upon by others are generally round or roundish 
(except when they grow in some particular direction), as we see in 
the green pulp of many leaves. When a quantity of spheres (such, 
for instance, as a pile of cannon-balls) are heaped up, each one in the 
interior of the heap is touched by twelve others. If the spheres be 
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Boft and jieUiag, as jrouog celk are, when pressed together Ihoy will 
become twelve-sided, like that in Fig. 3311. And a section in aity 
direction will be six-sided, as are the meshes in Fig. 340. 

398. The size of the common ceUs of plants varies from about 
the thirtieth to the thousandth of an inch in diameter. An ordinary 
size id from 3^,^ to -^ Jg of an inch ; so that there may generally be 
from 27 to 125 millions of cells in the compass of a cubic iacb ! 

399. Now when it is remembered tbat many stems shoot up at 
the rate of an inch or two a day, and sometimes of three or four 
inches, knowing the size of the cells, we may ibrm some conception 
of the rapidity of their formation. The giant Puff-ball has been 
known lo enlai^e from an inch or so to nearly a foot in diameter 
in a single night ; but much of this is probably owing to expansion. 
We take therefore a more decisive, but equally extraotilinary case, 
in the huge flowering stem of the Century-Plant. After wailing 
many years, or even for a century, to gather strength and materials 
for the effort, Centurj'-Planta in our conservatories send up a flow- 
ering stalk, which grows day after day at the rate of a foot in twenty- 
four honrs, and becomes about six inches in diameter. This, sup- 
posing the cells to average jJtj- of an inch in diameter, requires the 
formation of over twenty thousand millions of cells in a day! 

400. The walls of the cells are almost always colorless. The 
green color of leaves and young bark, and all the brilliant hues of 
flowers, are due to the contents of the cells, seen through their more 
or less transparent walls. 

401. At first the walls are always very thin. In all soil parts 
they remmn so ; but in other cases they thicken on the inside and 
harden, as we see in the stone of slone-fruits, and in all hard wood 
(Fig. 315) Sometimes this thickening continues until the cell is 
nearly filled up solid. 

402. The walls of cells are perfectly closed and whole, at least in 
all young and living cells. Those with thickened walls have thin 
places, indeed ; but there are no holes opening from one cell Into 
anotlier. And yet through these closed cells the sap and all the 
juices are conveyed from one end of the plant to the other. 

403. Vegetable cells may vary widely in shape, particularly when 
not combined into a tissue or solid fabric. The hairs of plants, for 
example, are cells drawn out into tubes, or are composed of a row 
of cells, growing on the surface. Cotton consists of simple long hairs 
on the coat of the seed ; and these hairs are single cells. The hair- 
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like bodies which' abound on joung roots are vety slender projec- 
tions of some of the superficial cells, as is seen in Fig. 337. Even 
the fibres of wood, and whut ai'e called vesseb in plants, are oolj 
peculiar forms or troosformations of celb. 



LESSON XXIV. 



VEGETABLE FABRIC : WOOD. 



404. CELLULA.R TissuK, such 89 described in ihe last Lesson, 
makes 'up the whole structure of all very young plants, and the 
whole of Mosses and other vegetables of the lowest grade, even 
when full grown. But this fubric is too tender or too brittle to 
give needful strength and toughness for plants which are to rise to 
any considerable height nnd support themselves. So all such plajits 
have also in their composition more or less of 

405. Wood. This is found in all common herbs, as well as in 
shrubs and trees ; only there ia not so much of it in proportion to 
the softer cellular tissue. It is formed very early in the growth of 
the root, stem, and leaves ; traces of it appearing in large embryos 
CTen while yet in the seed. 

406. Wood is likewise formed of cells, — of cells which at first 
are just like those that form the soft parts of plants. But early in 
their growth, some of these lengthen and at the same time thicken 
their walls; these are what is called Woody Fihre or Wood-CeUs ; 
others grow to a greater size, have thin walls with various markings 
upon them, and often run together end to' end so as to form pretty 

FIO. 341. Pui at ■lUcaiciiiullio stum or UieCilli^Uiiopica,iiui(iufleil. 

13 
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large tubes, compiiralivtiy ; tlicse are called 3uct», or eomelimes 
Vessels. Wood ulniost nlwnj'j coniiists of both woody fibres and ducts, 
^^^ jU variously intermiogled, and combined 

iiilo bundles or threads which run 
lengthwise through the root and stem, 
and are spread out to form the frame- 
work of the leaves (130). In trees 
and shrubs Ihey are eo numerous and 
crowded together, that they make a 
' solid mass- of wood. In herbs they 
' are fewer, and often scattered. That 

' is all the difference. 

407. The porosity of some kinds of 
wood, which is to be seen by the naked 
eye, as in mahogany and Oak-wood, is 
owing to a large sort of duels. These 
generally contain air, except in very 
' young parts, and in the spring of the 
year, when they are often gorged with 
sap, as we see in a wounded Grape- 
|l *vine, or in the trunk of a Sugar-Maple 

at that time. But in woody plants 
. I through the season, the sap i^ usually 

I carried up from the roots to the leaves 

"' by the 

408. W'ood-Cellg, or Woodr Fibre. (Fig. 342-345.) These are 
small lubes, commonly between one and two thousandths, but in 
Pine-wood sometimes two or three hundredths, of an inch in diam- 
eter. Those from the tough bark of the Basswood, shown in Fig. 
342, are only the fifteen-hundredth of an inch wide. Those of But- 
lonwood -(Fig. 345) are larger, and are here highly magnified be- 
sides. They also show the way wood-celb are commonly put to- 
gether, namely, with their tapering ends overlapping each other, — 
spliced together, as it were, — thus giving more strength and tough- 
ness to the stem, &c. 



FIG. 349, 
313. Some [ia 

FIG. 34S. 

(() •» wn i. 
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409. In bard woods, such as Hickory, Oak, and Battonwood (Fig. 
845), the walls of these tubes are -very thick, as well as dense ; while 

in soft woods, such as White-Pine and Basswood, they are pretty thin. 

410. Wood-celts, like other cells (at least when young and living), 
have no openings ; each has its own cavity, closed and independent. 
They do not form anything like a set of pipes opening one into an- 
other, fo a3 to convey an unbroken stream of sap through the plant, 
in tlie way people generally suppose. The contents can pass from one 
cell to another only by getting through the partitions in some way or 
other. And so short are the individual wood- 



A 



cells generally, thai, to rise a foot in such a tree 
as the Basswood, the sap has to pass through 
about two thousand partitions! 

411. But although there are no holes (ex- 
cept by breaking away when old), there are 
plenty of thin places, which look like perfora- 
tions ; and through these the eap is readily trans- 
ferred from one cell to another, in a manner to \J 
be explained further on (487). Some of them m mt 
are exhibited in Fig. 345, both as looked directly down upon, when 
they appear as dots or holes, and in profile where the cells are cut 
through. The latter view shows what they really are, namely, very 
thin places in the thickness of the wall ; and also that a thin place in 
one cell eKaclly corresponds to one in the contiguous wall of the next 
cell. In the wood of the Fine family, these thin spots are much 
lai^r, and are very conspicuous in a thin slice of wood under the 
microscope (Fig. 346, 347) ; — forming stamps impressed as it were 
upon each fibre of every tree of this great family, by which it may 
be known even in the smallest fragment of its wood, 

'412. Wood-cells in the bark are generally longer, finer, and 
tougher than those of the proper wood, and appear more like fibres. 
For example, Fig. 344 represents a cell of the wood of Basswood, 
of average length, and Fig. 342 one (and part of another) of the 
fibrous bark, both drawn to the same scale. As these long cells 
form the principal part of fibrous bark, or bast, they are named Bast- 
eelU or Bast-jibrm. These give the great toughness to the inner 
bark of Basswood (i. e. Bast-wood) and of Leatherwood ; and they 

FIG. 346. A bil ur Pine-ih •villi;, highly n»)niiflDd, showing the larfo Flreular thin tpoti 
of llie w«n ol Ih« wood-cell«. 34V. A xepnTita wood-Mil, more migniHoil, Ihs yatjing Uiick* 
n«s of the will It ihsN tpoti ibowlnf u rinii. 
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furnish the invKlaabk fibres of flax and hemp ; the wood of the 
Btem being tender, brittle, ajid destroyed by the processes which 
separate for use the tough and slender bast-eells. 

413. DQttS (Fig. 348-350) are larger than wood-ceBa, some of 
them having a calibre large enough to be seen by the naked eye, 

^» when ait across (407), although 

f. they are usually much too small 

for this. They are either .long 
single cells, or are formed of a row 
of cells placed end to end. Fig> 
349, a piece of a lar^ dotted duel, 
and two of the ducts in Fig. 350, 
I show this by their joints, which 
I mark the boundaries of the several 
MM >« cells they at« composed of. 

414. The walla of duels under the microscope display verians 
kinds of markings. Id what are called 

Dotttd Duett (Fig. 348, 340), which are the commonest and the 
largest of all, — their cut ends making ihe visible porosity of Oak- 
n^ood, — the whole wall is appai-ently riddled with holes ; but until 
they become old, these are only thin places. 

^VoZ D»teU, or Spiral VeueU, also the varieties of these called 
Annular or Banded Ihuii (Fig. 350), are marked by a delicate fibre 
spirally coiled, or by rings or bands, thickening Ihe wall. In the 
genuine spiral duct, the thread may be uncoiled, tearing the trans- 
parent wall in pieces ; — as may be seen by breaking moat young 
shoots, or the leaves of Strawberry or Amaryllis, and pulling the 
broken ends gently asunder, uncoiling these gossamer threads in 
abundance. In Fig. 355, some of these various sorts of ducts or 
vesseb are shown in their place in the wood. 

415. mik' Veueli, Turpentint- Vesuis, Oil-Seceptaele$, and the 
like, are generally canak or cavities formed between or among the 
cells, and filled with the particular products of the phuit. 

FIG. MS. Fin of 1 dotlwl duct IhHD ■ Cnpe-viiH. 349. A ulRiiLiroDe, ■vldsnlly com- 
p»ed of « row of trtl*. 3Sa Fut of * biiBdl* of «|iir»l ind innuUi dueli fnim Ibo ibta 
of Faljrpinuiii oiMDiala, or Piincu' FMIbn. All blihly ni>fiufi«l. 
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LESSON XXV. 

ANATOMY OF THE ROOT, STEM, AND LEAVB9. 

416. Hating Iq the last preceding Lessons learned what the 
tDftterials of the vegetable fabric are, we may now briefly consider 
how they are put together, and how they act in carrying on the 
plant's operations. 

417. The root and the stem are so much alike in their internal 
atructtire, that a description of the anatomy of the latter will answer 
fcMT the former also. 

- 416. The SIrneton of At Koedeb, however, or the tip of the root, 
demands a moment's attention. The tip of the root is the newest 
part, and is constantly renewing itself so long as the plant is active 
(67). It is shown magnified in Fig. 56, and is the same in all rootlets 
as in. the first root of the seedling. The new roots, or their new 
parts, are mainly concerned in imbibing moisture &om the ground ; 
and the newer they are, the more actively do they absorb. The ab- 
sorbing ends of roots are entirely composed of soft, new, and very 
thin-walled cellular tissue; it is only lartiier back that some wood- 
ceils and ducts are found. The moisture (and probably also air) 
presented to them is absorbed through the delicate walls, which, like 
those of the cells in the interior, are destitute of openings or pores , 
visible even under the highest possible magnifying power. 

419. But as the rootlet grows older, the cells of its external layer 
harden their walls, and form a sort of skin, or epidermii (like that 
which everywhere covers the stem and foli^e above ground), which 
greatly checks absorption. lioots accordingly cease very actively tp 
imbibe moisture almost as soon as they stop growing (67). 

420. Many of the cells of the surfoce of young rootlets send out a 
prolongation in the form <^- a slender hair-like tube, closed of course 
at the apex, but at the .base opening into the cavity of the cell. 
These tubes or root-hairt (shown in Fig. 55 and 56, and a few of 
them, more magnified, in Fig. 337 and 838), sent out in all direc- 
tions into the soil, vastly increase the amount of absorbing surface 
which the root presents to it 

431. Strnctim of Ihe'Sttm (also of the body of the root). A*t the 
beginning, when the root and stem spring from the seed, they consist 
13* 
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almost enUrelf of soft and tender cellalar tJEsue. But as they grow, 
wood begins at once to be formed in them. 

422. This woody material is arranged is th6 stem ia two very 
difierent ways in diSerent plants, making two sorts of wood. One 
sort we see io a Palm-stem, a rattan, and a Corn-stalk (Fig. 351) ; 
the other we are familiar with in Oak, Maple, and all our common 
kinds of wood. In the first, the wood is made up of separate threads, 
scattered here and there throughout the whole diameter of the stem. 
In the second the waid is all collected to form a layer (in a slice 
across appearing as a ring) of wood, between a central cellular part 
which has none in it, the Pith, and an outer cellular part, the Bark. 
This last is the plan <^ all our Northern trees and shrubs, and of Hie 
greater part of our herbs. The first kind is 

423. Tho EudogeBOni SItm ; so named from two Greek words mean- 
ing " inside-growing," because, when it lasts from year to year, the 

new wood which is added is interspersed among 

the older threads of wood, and in old stems the 

hardest and oldest wood is near the surface, and 

the youngest and softest towards the centre. AU 

the' plants represented in Fig. 47, on p. 19, (ex< 

cept the anomalous Cycas,) are examples of En- 

dogenoos stems. And all such belong to plants 

with only one cotyledon or seed-leaf to the em- 

bryo (32). Botanists therefore call them Endoge- 

ROus or MmoeotyUdorunu Plants, using sometimes 

9)1 one name, and sometimes the other. Endogenous 

stems have no separate pith in the ceAtie, no distinct bark, and no 

layer or ring of wood between these two j but the threads of wood 

are scattered throu^iout the whole, without any partiradar order. 

This is ^ery difierent from 

424. The ElOgenoiU Stem, the one we have most to do with, since 
all our Northern trees and shrubs are constructed on this plan. It 
belongs to all plants which have two cotyledons to the embryo (or 
more than two, such as Pines, 33) ; so tl^t we call these either 
Meogetwvg or Dicotj/ledonout PldnU (16), accordingly as we take 
the name from the stem or from the embryo. 

425. In the Exogenous stem, as already stated, the wood is all 
collected into one zone, surrounding a pith of pure cellular tissue in 
the cefttre, and surrounded by a distinct and'separable bark, the 

FIO. XI. BmIidb of * Cora-sUlk (u endofim ui nsm), both anmwit ud IngUiwiw. 
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ont< r part of which 13 also cellulMr. This elruclui'C is very faraitiaf 
) «ood It is really just Ihu siimc in tlic stem of an herb, 
only the wood is much k-ss in (guanlily. Compare, for 
inMHnce, 8 cross-jcrtion of the ?1em of Flux (Fig. 352) 
with Ihat of n shoot of Mnplc or Ilorsedicslnut of 
the same age. In on beih, the wood at the beginning 
' consists of epparate tbrends or little wedges of wood; 
but these, however few and scattered they may be, luij 

kII go placed in the "^ 

£tem as to mark out 

a zojie (or in the 

cross-section a ring) 

of wood, dividing the 

pith within from the 

bark without. 

426. The accompa- 
nying figures (which 

Ihnn exact delinea- 
tions) may serve to 
illustrate the anat- 
omy of a woody 
exogenous «icm, of 
one year old. The 
parts aro explained 
in the references be- - 
low. In the centre is 
AePilh. Surround- 
ing this is the layer .:. 

of Wood, consisting both of wood-cells and of ducts or vessels. From 
the pith to the bark on all sides run a set of narrow plates of cellular 
tissue, called MeduBary Ray» : th&te make the siker-grain of wood. 
On the cross-seclion they nppear merely as narrow lines ; but in 
wood cut lengthwise parallel to ihcm, their faces show as glinimer- 

TXG. nS2. CrmK-retliiHi nrilioKlsniorFlai, Blinn-inBilaliiTk, niHHl, nnd piih. 

FlC. 353. Piece nT ■ Mrm bI Saa Hiplg, or 1 ;ur old, enl r:r«>w>«i and Icnrhnliw. 

FIG. 354. A inrtiuii nf IhD nine, initniflcd. 

PIG. 355. A ■■imll plcro uf Iho hiiic, laksii rmm ono sidi, [caihine rrum iho bark to Ih* 

mriiUlay akalk; c, Ihn n«Hl 1 ^, rf, dill lad ducu in thewonli >. t,iBiiiilirdiieUi/, (bclibM 
nf inner birki f, iha (roan lurk \ k, Iho corky Isjer; i, iha diin, <v apMannii i /, on* of Um 
BBdnllary nyttef jilalei of liliar-giAiu, eaanoBUie ctoH^scrlnii. 
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ing plates, giving a peculiar appearance to Oak, Maple, and other 
wood with large medullary rays. 

427. TTie Bark covers and protects the wood. At first it is all 
cellular, like Ihe pith ; but soon Bome slender woodj' fibres, called 
bast-cells (Fig. 342), generally appear- in il, next Ihe wood, forming 

Uie Liber, or Fihroua Bark, the inner bark ; lo which belongs the 
fine fibrous bait or hast of Basswood, and the tough and slender fibres 
of flax and hemp, which are gpun and woven, or made into cordage. 
In the Birch and Beech the inner bark has few if luij bast-cells in 
its composition, 

T%e Cellular or Outer Bart consists nf cellular tissue only. It is 
distinguished into two parts, an inner and an outer, viz. : — 

The Green Bark, or Green Layer, which consists of tender cells, 
containing the same green matter &i Ihe leaves, and serving the 
same purpose. In the course of the Arst season, in wooOy stems, this 
becomes covered with 

77ie Corky Layer, so named because it is the same substance db 
eork ; common cork being the thick corky layer of the bark of the 
Cork-Oak, of Spain. It is this which gives to the stems or twigs of 
shrubs and trees the aspect aiid the color peculiar to each ; namely, 
light gray in the Ash, purple in the Ked Maple, red in several Dc^- 
wood?, &c. Lastly, 

The Epidermit, or skin of the plant, consisMng of a layer of thick- 
sided empty celts, covers the whole. 

428. Growth of the Stem yeir afler year. So much for an exogenous 

stem only one year old. The stems of herbs perish at Ibe end of the 
season. But those of shrubs and trees make a new growth every 
year. It is from their mode of growth in diameter that they lake the 
name of etxgenous, i. e. otUiide-gr&Kiing. The second year. Each a 
stem forms a second layer of wood outside of the first ; the third year, 
another outside of that ; and so on, as long as the tree lives. So that 
the liiink of an exogenous tree, when cut fllT at the base, exhibits as 
many concentric rings of wood as it is years old. Over twelve hnn- 
dred layers hare actually been counted on the stump of an aged free, 
such as the Giant Cedar or Redwood of California ; and there are 
doubtless some trees now standing in various parts of the world which 
were already in existence at the beginning of the Christian era. 

429. As to the bark, the green layer seldom grows much after the 
first season. Sometimes the corky layer grows and forms new 
layers, inside of the old, for a good many years, as in the Cork-Oak, 
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Ihe Sweet Grnm-tree, aod ibe Wtite and 'the Paper Birch. But it 
all dies after a while; and the continual enlargement of the wood 
within finally sirelebes it more than it can bear, and 'sooner or later 
cracks and rends it, while the weather acts powerfully upon its 
surface; so the older bark perishes and falls away piecemeal year 
by year. 

430. But the inner bark, or liber, does make a new growth an- 
nuaJly, as long as the tree lives, inside of that formed the year before, 
and nest the surface of the wood. More commonly the liber occurs 
in ihe form of thin layers, which may be distinctly counted, as in 
Bosswood : bat this is not always Ihe case. Afler the outer bark 
is destroyed, the older and dead layers of the inner bark are also 
exposed to the weather, are riven or split inio fragments, and fall 
away in succession. In many trees the bark acquires a considerable 
thickness on old trunks, although all except the innermost portion is 
dead ; in otiiers it falls off more rapidly ; in the stems of Honey- 
suckles and Grape-fines, the bark alt separates and bangs in loose 
shreds when only a year or two old. 

431. SDp*ffOOd. In the Vood, on the contrary, — owing to its 
growing on the outside alone, — the pider layei-s are quietly buried 
under the newer ones, and protected by them from all disturbance. 
All the wood of the young sapling may be alive, and all its cells*- 
qr woody tubes active in carrying up the sap from the roots to the 
leaves. It is all Sap-wood or Albitmttm, as young and fresh wood 
is called. But the older layers, removed a step further every year 
from the region of growth, — or rather the zone of growth every 
year removed a step farther from them, — soon cease to bear much, 
if any, part in the circulation of the tree, and probably have long 
before ceased to be alive. Sooner or later, according to the kind of 
tree, they are turned into 

432. Hearl'WOOd, which we know is drier, harder, more solid, and 
much more durable as tiM>er, than sap-wood. It is generally of a 
different color, and it exhibits in different species the hue peculiar 
to each, such as reddish in Red-Cedar, brown in Biack-Walnuf, 
black in Ebony, &c The change of sap-wood into heart-wood re- 
sults from the thickening of the walls of the wood-cells by the depo- 
sition of hard matter, lining the tubes and diminishing their calibre { 
and by the deposition of a vegetable coloring-matter peculiar to each 
species. > 

433. The heart-wood, being no longer a living part, may decay, 
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and oflen does so, without llic l«ast injurj (o the tree, except by im- 
pniiing the elrengili of the trunk, and eo rendering it more liable to 
be overthrown.' 

434. The LIvllg Plrtl of a Tm, of the exogenous kind, are onlj 
these : first, the rootlets at one extremity ; second, the huds and 
leaves of the season at the oilier ; and third, a zone consisling of 
the newest wood and the newest bark, connecting the rootlets with 
the buds or leaves, however widely separated these maybe, — in 
the largest trees from two to four hundred feet apart. And these 
parts of the tree are all renewed every year. No wonder, there- 
fore, that trees may live so long, since they annually reproduce 
everything tliat is essential to their life and growth, and since only 
a veiy small piirt of their bulk is alive at once. The Ireo sui^ 
vives, but nothing now living has existed long. In it, as elsewhere, 
life is a irnnsitory thing, ever abandoning the old, and displaying 
itself afitisl I in ihe new, 

43o. Cunbiam-LByer. The new growth in Ihe stem, by which it 
increases in diameter year after year, is confined to a narrow line 
between the wood and the inner bark. •Cambivm is the old name 
fur the mucilage which is so abundant between the baik nnd the 
wood in spring. It was supposed lo be poured out there, nnd tbnt 
the bark really separated from the wood at this time. This is not 
tlie ease. The newest bark and wood are still united by a delicate, 
tissue of young and forming cells, — called the Ccanbium-iayer, — 
loaded with a rich mucilaginous sap, and so lender that in spring 
the bark may be raised from the wood by the slightest force. 
Here, nourished by this rich mucilage, new cells are rapidly form- 
ing by division (387-390); the inner ones are added lo the wood, 
and Ihe outer to the bark, so producing Ihe annual layers of the 
two, which are ever renewing the life of Ihe trunk. 

436. At Ihe same time new roollels, growing in a similar way, are 
extending the roots beneath ; nnd new shoo|»charged with new buds, 
annually develop fresh crops of leaves in the air above. Only, 
while the additions to Ihe wood and bark remain as a pennanent 
portion of the tree, or unlil destroyed by decay, the foliage is tem- 
porary, Ihe crop of leaves being annually thrown off after they have 
served Iheir purpose. 

437. Slraclnn of Iht Lnf. Leaves also consist both of a woody 
and a cellular part (133). The woodj^art in ihe fnimework of ribs 
and veins, which have already been described in full (136-147). 
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They eerv« tint only to strengtheii the leaf, but also lo bring in tfa« 
ascending snp, and to dietriliute it by tbe veinlets tbroughout eveiy 
part. Tht; cellular portion is the green pulp, and is nearly the same 
as the green layer of the biu-k, So that the leaf may properly . 
enough be regarded aa a sort of expansion of the fibrous and green 
layers of llie bark. It has of course do corky layer ; hnt the whole 
is covered by a tnuisparent akin or epidermit, resembling that of 
the stem. 

438. Tbe green ptilp consists of cells of vnrious forms, usually 
hxisely arranged, so as to leave many irregular spaces, or air-pas> 
8nges, communicating with each other throughout the whole interior 
of the leaf (Fig. 356). The green color is owing lo a peculiar 
gi-cen matter lying loose in the cells, in form of minute gr^ng, 
named ChtoropAj/U (i. e. the green of 

leaves). It is this subs lance, seen 
through the transparent walls of the 
cells where it is accumulated, wbicb 
giies the common green hue to vege- 
tation, and especially to foliage. 

439. The green pulp in most leaves 
forms two principal layers ; an upper 
one, fiicing the sky, and an under one, 

feeing the ground. The upper one is »» 

always deeper green in color than the lower. This in partly owing, 
perhaps, to a greater amount of chlorophyll in the upper cells, but 
mainly to the more compact arrangement of these cells. As is seen 
in Fig. 356 and 357, the cells of the upper side are oblong or cylin- 
drical, and stand endwise to tbe surfnce erf' the leaf, usually close to- 
gether, leaving hardly any vncant spaces. Those of the lower part 
of the leaf are apt to he irregular in shape, most of them with their 
longer diameter parallel to the face of the leaf, and are very loosely 
arranged, leaving many, and wide air-chambers. The green color 
undemenlh is therefore diluted and paler. 

440. In many plants which grow where they are subject to 
drought, and which hold their leaves during tbe dry season (the 
Olejinder for example), the grenlcr part of the thickness of the leaf 
consists of layers of long cells, placed endwise and very much com- 

FI3. arrt. faction llinrngli Ilt« Ihiekncn of » iMf of Ihi. Plnr Aiiiw (imriiiiiO.rf FhTWn, 
rHiilrciiia or ikin. Ail liiow beiwven mn colls cf U» (roii piil^ contiinini (nlu of 
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pacted, BO as lo expose as little E^or^e as possible to the direct action 
of tbe hot Bun. On the other hand, the leaves of marsh plants, and 
of others not intended to survive a drought, h&ve their cells more 
loosely arranged throughout. In such leaves the epidermic, or skin, 
ie made of only one layer of cells ; while in the Oleander, and tbe 
]ike, it consists of three or four layers of hard and thick-walled cells. 
In all this, therefore, we plainly see an arrangement for tempering 
the action of direct sunshine, and for restraining a too copioaa evap- 
oration, which would dry np and destroy the" tender cells, at least 
when moisture is not abundantly supplied through the roots. 

441. "PiM the upper side of the leaf atone is so constructed as to 
bear the sunshine, is shown by what happens when their position is 
reversed : then the leaf soon twists on its stalk, so as to torn again 
its tinder surface away from the light ; and when prevented from 
doing so, it perishes. 

442. A large part of the moisture which the roots c^ a growing 
plant are constantly absorbing, after being carried up through ibe 
stem, is evaporated from the leaves. A Suntlower-plant, a little 
over three feet high, and with between five and six thousand square 
inclies of surface in foliage, &c., has been found to exhale twenty or 
thirty ounces (between one and two pints) of water in a day. Some 
part of this, no doubl, flies off through the walla of the epidermis or 
ekin, at least in sunshine and dry weather; but no considerable por- 
tion of it. The very object of this skin is to restrain evaporation. 
The greater part of the moisture exhaled escapes from the leaf 
through the 

443. glOBiatel or Brulbing-pom. These are small openings through 
the epidermis into the air-chambers, establishing a direct commu- 
nication between the whole interior of the leaf and the external air. 
Through these the vapor of water and air can freely escape, or 
enter, as the case may be. The aperture is guarded by a pair of 
thin-walled cells, — resembling those of the green pulp within, — 
which open when moist so as to allow exhalation to go on, hut 
promptly close when dry, so as to arrest it before the interior of the 
leaf is injured by the dryness. 

444. Like the air-chambers, the breath ing-pores belong mainly to 
the under side of the leaf. In the While Lily, — where they are 
unusually large, and easily seen hy n simple microscope of mod- 
erate power, — ilin-e are about 60,000 to the square inch on the 
epidciTuis of the lower iurface of the leaf, and only about 3,000 in 
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the same space of the npper surface. More commonly there are few 
or none on the upper side ; direct snnshtne evidently being unfavor- 
able to their operation. Their immense numbers make np for ttieir 
minuteness. Tbey are said to vary from less than 1,000 to 170,000 
to the square inch of surftce. In the Apple-tree, where they are 
under the average as to number, there are about 24,000 to the 
square inch of Ihe lower surface ; go that each leaf has not lar from 
100,000 ef these openings or mouths. 



4.E8S0N XXVI. 

THE PLANT IN ACTION, DOING THE WORK OF VEGETATION. 

445. Being now acquainted with the machinery of the plant, we 
nalumliy proceed to inquire what the use of it is, and how it works. 

44f). It has already been stated, in the first of these Lessons (7), 
that the great work of plants "is to change inorganic into organic 
mailer ; that is, to take portions of earth and air, — of mineral mat- 
ter, — upon which animals cannot live at all, and to convert them 
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into Bomelhing upon which they can live, nnmelj, into food. AH 
the food of all animals id produced by plants. Antniab live upon 
vegetables ; and vegetables live upon earth and air, principally 
upon the air. 

. 447. PlaDtl feed apon Eirtb and Jtir. This is evident enough rrora 
the way in which they Hve. Many plants will flourish in pure sand 
or powdered chalk, or ori the bare face of a rock or wall, watered 
merely with rain-water. And almost any plant may be made lo 
grow from the seed in pure sand, and increase its weight many times, 
even if it will not come to perfection. Many naturally live^uspended 
from the branches of trees high in the lur, and nouHshed by it alone, 
never having any connection with the soil (81); and some wliicli 
naturally grow on the ground, like the Live-for-ever of the gardens, 
when pulled up by the roots and hung in the air will often flouriiili 
the whole summer long. 

448. It is true that fast-growing plants, or those which produce 
considerable v^^table matter in one season, — especially in such a 
concentrated form as to be useful as food for man or the higher 
animals, — will come to maturity only in an enriched soil. But 
what is a rich soil ? One which contmns decomposing vegetable 
matter, or some decomposing animal matter ; that is, in either case, 
some decomposing organic matter formerly produced by plants ; 
aided by this, groin-bearing and other important vegetables wilt 
grow more rapidly and vigorously, and make a greater amount of 
nourishing matter, than they eoold if left to do the whole work at 
once from the beginning. So that in these cases also all the oi^anic 
matter was made by plants, and made oot of earth and air. 

449. Tkeir Chemical Composition ihowi wbal ^anU an made of. The 
soil and the air in which plants live, and by which they are everj'- 
where surrounded, supply a variety of materials, some likely to be 
useful to the plant, others not. To know what elements the plant 
makes use of, we must first know of what its fabric and its products 
are composed. 

450. We may distinguish two sorts of materials in plants, one of 
which is absolutely essential, and is the same in all of them ; the 
other not really essential, and very variable in different plants, or in 
the same plant under dilTerent circumstances. The former is the 
organic, the latter, the inorganic or earthy materials. 

451. Tbe Eartby or Inoi^nlc ConstitDSBte. If we bum thoronghly « 
leaf, a piece of wood, « any other part of a vegetable, almost all of 
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it 18 dise^mted into air. But a little ashes remain ; llicse represent 
the earthy oonatitaents (^the plant. 

452. They consist of some potash (or »oda \( a marine plant was 
used), some silex (the same us llini), and probably a little Umt, al- 
tinnne, or magnena, iron or mang€me»e, tulpkur or pAotphorut, ScQ. 
Some or all of these elemenla may be detected in many or most 
plants. But they make no part of their real fabric ; and they form 
only from one or two to nine or ten parts out of a hundred of any 
vegetable substance. Tlie ashes vary accvrding to the nature 
of the soil. In fact, they consist, principally, of such materials as 
happened to be dissolved, in small quantity, in the water which was 
taken up by the roots ; and when that b consumed by the plant, or 
flies off pure (as it largely doeii,. 447) by exhalation, the earthy mat- 
ter is leH behind in the cells, — just as it is left incrusting the sides 
of a teakettle in which much bard water has been boiled. As k 
very natural, Ihecefore, we find more earthy matter (i. e. more 
ashes) in the leaves than in any other part (sometimes as much as 
seven per cent, when the wood contains only two per cent) ; because 
it is through the leaves that most of the water escapes from the plant. 
These earthy constituents are oflen usefnl to the plant (the silex, for 
instance, increases the strength of the Wheat-stalk), or are useful in 
the plant's products as furnishing needful elements in the food of man 
and other animals ; but they are not necessary to vegetation, whii/h 
may go on without them. The really essential elements are 

433. TbC O^inlC CfDStilDCBllt. As has just been remarked, wh<>n 
we bum in the open air a piece of any plant, nearly its whole bulk, 
and from ^8 to more than 99 ^arts out of a hundred by wei<;l)t of iis 
substance, disappear, being turned into air and vapor. The^^u ni'e 
the organic comtitueitts which have thus been consumed, — llu! 
actual materials of the cells and the whole real fabric of llic phmi. 
And we may state that, in burning, it has been decomposed into ex- 
actly the same kinds of air, and the vapor of water, that the plant 
used in its making. The burning has merely undone the work of 
vegetation, and given ba<:k (he materials to the air just in the stale 
in which the plant took them. 

454. It will not be difficult to understand what the organic con- 
stituents, that is, what the real materials, of the plant are, and how 
the plant obt^ns them. The substance of which vegetable tissue, 
viz. the wall of the cells, is made, is by chemists named CelluloK. It 
is just the same thing in compositioa in wood and in soft cellnlar tis- 



D,g,t,.,.d.i. Google 



160 THE PLANT Ot ACTIOK. [lEBSON 26. 

sue, — in the tender pot-herb and in the oldest tree. It is ccwipoeed 
of carbon, hydrogen, and oxjgeb, 12 partsof the former to 10 of each 
of the two latter. These, accordingly, are necessary matcmls of 
T^etable growth, and must be received by the growing plant. 

455. Tbc FlaHl'l Food must contain these three elements in some 
shape or other. Let us look for them in the materials which the 
plant is constantly taking from the soil and the air. 
■ 456. Water is the substance of which it takes in vastly more than 
of anything else : we well know how necessary it is to vegetable life. 
The plunt imbibes water by the roots, which ere specially construct- 
ed for taking it in, as a liquid when the soil ia wet, and probably 
also in the form of vapor when the soil ia only damp. That water 
in the form of vapor is absorbed by the leaves likewise, when the 
plant needs it, is evident from the way partly wilted leaves revive 
and freshen when sprinkled or placed in a moist atmosphere. Now 
water is compoeed of hydrogen and oxggen, two of the three elements 
of cellulose or piant-fabric Moreover, the hydrogen and the oxygen 
exist in water in exactly the same proportions that they do in cellu- 
lose : so it is clear that water furnishes these two element*. 

457. We inquire, therefore, after the third element, carbon. This 
is the same as pure charcoaL Charcoal ia the carbon of a vegetable 
left behind after charring, that is, heating it out <^ contact of the air 
until the hydrogen and oxygen are driven off. The charcoal of wood 
is BO abundant in bulk as to preserve perfectly the shape of the ceUs 
after charring, and in weight it amounts to about half that of the 
original material Carbon itself is a solid, and not at all dissolved 
by water : as snch, therefore, it cannot,be absorbed into the plant, 
however minute the particles ; only liquid and air can pass through 
the walls of the cells (402, 410). It must therefore come to the 
plant in some combination, and in a fluid form. The only substance 
within the plant's reach containing carbon m the proper state ia 

458. Carbonic Acid. This is a gas, and one of the components 
of the atmosphere, everywhere making about j^^ part of its bulk, 
— enough for the food of plants, but not enough to be injurious to 
animals. For when mixed in any considerable proportion with the 
air we breathe, carbonic acid is very poisonous. The air produced 
by homing charcoal is carbonic acid, and we know how soon baming 
charcoal in a close room will destroy life. 

459. The air around us consists, besides this minute proportion 
of carbonic acid, of two other gases, mixed together, viz. oxygen 
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and nitrogen. The nitrogen gas does not support animal life : it only 
dilutes ihe oxj'gen, wbich does. It is the oxygen gas alone whieh 
renders the air fit for breathing. 

400, Carbonic acid consists of carbon combined with oxygen. In 
- breathing, animals are constantly forming carbonic acid gaa by unit- 
ing carbon from their bodies with oxygen of the air ; they inspire 
oxygen into their lungs ; they breath it out as carbonic acid. So 
with every breath animals are diminishing the oxygen of the tur, — 
so necessary to animal life, — and are increasing iti; carbonic acid, — 
BO Iiurtful lo animal life ; or rather, which would be so hurtful if it 
were allowed to accumulate in the air. The reason why it does not 
increase in the air beyond this minute proportion is that jilanta feed 
upon it. They draw their whole stock of carbon from the carbonic 
acid of the air. * 

461. Plants take it in by their leaves. Every cnrrent, or breeze 
t|iat stirs the foliage, brings to every leaf a succession of fresh at<Has 
of carbonic ocrd, which it absorbs through its thoDsands of breathing- 
poi'es. We may prove this very easily, by putting a small plant or 
a fresh leafy bough into a glass globe, exposed to sunshine, and hav- 
ing two openings, causing air mixed with a known proportion of 
carbonic acid gas to enter by one opening, slowly traverse the foti^p, 
and pass out by the other into a ressel proper to receive it : now, 
examining the air chemically, it will be found to have less carbonic 
acid than before. A portion has been taken np by the foliage. 

462. Fliints also take it in by their roots, some probably as a gas, 
in the same way that leaves absorb it, and much, certiunly, dissolved 
in the wat<^r which the rootlets imbibe. The air in the soil, es- 
pecially in a rich foil, contains many times as much carbonic acid 
as an equal bulk of the atmosphere above. Decomposing vegetable 
matter or manures, in the soil, are constantly evolving carbonic acid, 
and a large part of it remans there, in the pores and crevices, among 
which the absorbing rootlels spread and ramify. Besides, as this gas 
is dissolved by water in a moderate degree, every niin-drop that falls 
from the clonds to the ground brings with it a little carbonic acid, 
dissolving or washing it out of the air as it passes, and bringing it 
dowa to the roots of plants. And what flows off into the streams 
and ponds serves for the food of water-plants. 

463. So water and carbonic acid, taken in by the leaves, or taken 
in by the roots and carried up to the leaves as crude sap, are the 
general food of plants, — are the raw materials out of which at least 

It" 
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tlte fabric and a part of the general products of tlie pliuit are made. 
Water and carbonic acid are mineral maUer» ; in the {il ant, mainly 
in the foliage, they are chang<.-d into organic inaUert, This is 

4G4. The PlaUt't proper Work, AssimilDliOD, viz. rhe conversion by the 
vegetable of foreign, dead, mineral mailer into its own living sub- 
ElODee, or into organic mutter capable of becoming living eubstance. 
To do this is, as we have said, the peculiar office of the plant. Htfw 
and where is it done P 

4fi5. It it done in the green parU of pianls aJone, and onJy when 
theM art acted upon by the light of the sun. The sun in some way 
supplies a power which enables the living plant to originate these 
peculiar cbemical combinations, — to organize matter into forms 
which are alone capable of being endowed with life. Tlie proof of 
this propoiition is simple ; and it shows at the same time, in the 
simplest way, what the plant does with the water and carbonic acid 
it consumes. Namely, let, it is only in sunshine or bright daylight, 
that the green parts oC plants give out oxygen gas, — then Ibeydo; 
and Sd, the giving out of this oxygen gas is just what is required lo 
render the chemical composition of water and carbonic acid the same 
as that of cellulose (4o4), that is, of the plant's fabric This shows 
why plants spread out so large a surface of foliage. 

466. In plants growing or placed under water we may see bubbles 
of air rising from (he foliage ; we may collect enough of this air to 
teat it by a candle's burning brighter in it ; which shows it to be 
oxygen gas. Kow if the plant is making cellulose or plant- substance, 
— that is, is making the very materials of its fabric and growih, aa 
must generally be the case, — all this oxygen gas given off* by tlie 
leaves comes from the decomposition of carbonic acid t^en in by 
the plant 

467. This mutt be so, because cellulose is composed of 10 parts of 
oxygen and 10 of hydrogen to 12 of carbon (454) : here the first 
two are just in the same proportions as in water, whiijh consists of 
one part of oxygen and one of hydrogen, — so that 10 parts of water 
and 12 of carbon represent one of cellulose or plant-fabric ; and to 
make it out of water and carbonic acid, the latter (which is composed 
of carbon and oxygen) has only to give up all its oxygen. In other 
words, the plant, in ils foliage under sunshine, decomposes carbonic 
acid gas, and turns the carbon together with water into cellulose, at 
the same time giving the oxygen off into the air. 

468. And we can readily prove that it is so, — namely, that plants 
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do decompose carbonic acid in tbeir leaves and give oat i(B oxygen, 
— by the ez[>erimeDt menlioned in piiragraph 401. Tbere the 
leaver, as we have stated, are taking in carbonic acid 'gas. "We 
.now add, that they are giving out oxygen gas at the same rate. 
Tbe air as it comes from the glasa globe is found to have just as 
much more oxygen as it has less carbonic acid than before — just 
as much more oxygen as woidd be required to turn the carbon re- 
ttined in the plant back mto carbonic acid s^in. 

469. It is all the same when plants — instead of making fabric at 
once, that is, growing — malie the prepared material, and store it 
up for future use. The principal product of plants for this purpose 
is Starch, which consists of iniDUte grains of organic matter, lying 
loose in the ceUs. Plants often accumulate this, perhaps in tbe root, 
as in the Turnip, Carrot, and Dahlia (Fig. 57-60) ; or in subter- 
ranean stems or branches, as in the Potato (Fig. 68), and many 
roolBtocks ; or in the bases of leaves, as in the Onion, l^ily (Fig. 
73 - 75), and other bulbs ; or in fleshy leaves above groond, as those 
of the Ice-Plant, House-leek, and Century-Plant (Fig. 82) ; or in 
tlie wliole thickened body, as in many Cactuses (Fig. 76) ; or in 
the seed around the embryo, as in Indian Corn (Fig. 38, 39) and 
other grain ; or even in the embryo itself, as in the Horsecheslnut 
(Fig. 23, 24), Bean (Fig. 16), Pea (Fig. 19), &c. In all these 
forms tliis is a provision for future growth, either of the plant 
itself or of some ofiset from il, or of its offspring, as it springs 
from the seed. Now starch is to cellulose or vegetable fabric just 
what the prepared clay is to tbe poller's vessel, — the same thing, 
only requiring to be shaped and consolidated. It has exactly the 
same chemical composition, and is equally made of carbon and the 
elements of water, by decomposing the same amount of carbonic 
acid and giving back its oxygen to tbe air. In using it for growth, 
the plant dissolves it, conveys it to tbe growing parts, and ccmsoli- 
dules it into fabric. 

470. Sugar, another principal vegetable product, also has essen- 
tially the same chemical composition, and may be formed out of the 
same common food of plants, with the same result. The different 
kinds of sugar (that of the cane, &c and of grapes) consist of the 
same three materials as starch and cellulose, only with a little more 
water. The plant generally forms the sugar out of starch, changing 
one into the other with great ease ; starch l>eing the form in which 
prepared inatcrial is stored up, and sugar that in which it i3 ex- 
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pended or tmnsferred from oDe part of the plant ti> another. Id the 
tiiigar-can« and Indian Corn, starch is deposited in the seed ; in ger- 
mination this b turned into sugar for the ptantlet to begin ita growth 
with ; the growing plant produces more, and deposits some as starch - 
in the slatk ; just belbre hlossoming, this is changed into sugar again, 
and diasolred in tlie sap, to form and feed the flowers (whieh cannot, 
tike the ieavee, create nourishment for themselves) ; and what is left 
ii deposited in the seed as starch again, with which to begin the 
same operation in the next generation. 

471. We might enumerate other vegetable products of this class 
(such as oil, acid?, jelly, the pulp of fraiu, &c.), and show how they 
are formed out of the carbonic acid and water which the plant takes 
in. But those already mentioned are sufficient In producing any 
of them, carbonic acid taken from the air is decomposed, its carbon 
retained, and its oxygen given back to the air. That is to say, 

472. Plants poriff Ike Mr for iDimals, by taking away the carbonic 
acid injurious to them, co-.tinunlly poured into it by their breathing, 
fis well as by the burning of fuel and by decay, and restoring in its 
place nn equal bulk of life-sustaining oxygen (4<i0). And by the 
same operation, combining this carbon with the elements of water, 
&c., and elaborating them into organic matter, — especially into 
starch, sugar, oil, and the like, — 

473. PlHDli prodact all Ilit Food and Fabric of Animals. The herbiv. 
orous animals feed directly upon vegetables ; and the carnivorous 
feed upon the herbivorous. Neither the one nor the other originate 
any organic matter. They take it all ready-made from plants, — 
altering the form and qualities more or less, and at length destroy- 
ing or decomposing iL 

474. Starch, sugar, and oil, for example, form a lai^ part of the 
food of herbivorous animals and of man. When digested, they enter 
into the blood ; any surplus may be stored up for a lime in the form 
of fat, being changed a little in its nature ; while the rest (and finally 
the whole) is decomposed into carbonic acid and water, and exhaled 
from the lungs in respiration; — in other wordf , is given back to the 
air by the animal as the very same materials which the plant takes 
from the air as its food (463); — is given back to the air in (he same 
form that it would have been if the vegetable matter had been left 
to decay where it grew, or if it had been set on Are and burned ; — 
and with the same result loo as to the heat, the heat in this case 
producing and maintaining the proper temperatui'e of the animal. 
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475. Bnt Btarch, f^ugar, and the like, do not make any part of tbe 
fleeh or fabric of animals. And that for the obvious reason, that they 
consist of only the three elements carbon, hydrogen, and oxygen ; 
whereas the flesh of animals has nitrogen as well as these three ele- 
ments in its composition. The materials of (he animal body, called 
Fibrine in the flesh or muscles, Gehttne in the sinews and bones, 
Ckueine in the curd of milk, &&, are all forms of one and the same 
substance, composed of carbon, hgdrogen, oxygen, and nitrogen. As 
nitrogen is a large coni^lituent of the atmosphere, and animals i(re 
taking it into their lungs with every breath they draw, we might 
suppose that they take this clement of their frame directly from the 
air. But they do not. Kven this is furnished by vegetables, uid 
animals receive it ready-made in their food. And this brings us to 
consider still another and most important vegelabfe product, of a 
different class from the rest (omitted till now, for the sake of greater 
simplicity) ; namely, what is called 

47C. Proteine. This name has been given to it by chemists, be- 
cause it occurs under such a protean variety of forms. The Gluten 
of wheat and the Legumine of beans and other leguminous plants, 
may be taken to represent it. It occurs in all plants, at leaet in 
young and growing parts. It does not make any portion of their 
tissue, but is contained in all living cells, as a thin jelly, mingled 
witli the sap or juice, or as a delicate mucilaginous lining. In.fact, 
it is formed earlier than the cell-wall itself, and the latter b moulded 
on ii, as it were ; so it is also called Proto^atm. It disappears from 
common cells as ihey grow old, being transferred onward to new or 
forming parts, where it plays a very active part in growth. Mixed 
with starch, &c., it is accumultUed in considerable. quantity in wheat, 
beans, and other grains and Eceds, especially those which are most 
nutritious as food. It is the proteine which makes them so nutritious. 
Taken .by animals as. food, it fororis their flesh and sinews, and the 
animal part of Iheir bones, witiiout much change ; for it has the same 
coroposhion, — is just the same thing, indeed, in some slightly different 
forms. To produce it, the plant employs, in addition to the carbonic 
acid and water already mentioned as its general food, some ammo- 
nia; which is a compound o£ hydrogen and nitrogen. Ammonia 
(which is the same thing as hartrhorn) is constantly escaping 
into the -air in small quiintities fi'om all decomposing vegetable 
and animal substances. Besides, it is produced in every thunder- 
storm. Every flash of lightning causes some to be made (in the 
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form of nitrate of ammonia) out of the nitrogen of tlic nir and tlie 
vapor of water. Tlie reason why it never ue<.'umulat«3 in ihe air 
so as to be perceptible is, that it is extremely soluble in water, ad 
are all its compounds. So it ia waslied out of the atmosphere by the 
rain as fast as it is made or rises into it, and h brought down to the 
i-ootB of plants, which take it in freely. When assimilated in the 
leaves along with carbon and water, proteine is formed, the very . 
substance of the flesh of animab. So all flesh is vegetable matter 

477. Even the earthy matter of the bones, and the iron and other 
mineral matters in the blood of animals, ore derived from the plants 
they feed upon, with hardly an exception. These are furnished by 
the earthy or mineral constituents of plants (452), and are merely 
accumulated in the animal frame. 

478. Animals, therefore, depend absolutely upon vegetables for 
their being. The great object for which the All-wise Creator estab- 
lished the vegetable kingdom evidently is, that plants might stand on 
the surface of the earth between the mineral and the animal crea- 
tions, and organize portions of the former for the susteuance of 
the latter. 



LESSON XXVIL 

PLANT-LIFE. 

479. Life is known to us only by its effects. We cannot tell 
what it is ; but we notice some things which it doeg. One peculi- 
arity of living things, which has been illustrated in the last Lesson, 
ia their power of transforming matter into new forms, and (hereby 
making products never produced in any other way. Lile is also 
manifested by 

480. HolBOn, that is, by self-<-au»ed movements. Living things 
move } those not living are moved. Animals, living as they do 
upon organized food, — which is not found everywhere, — must 
needs have Ihe power of going after it, of collecting it, or-at least of 
taking it in ; which requires them to make spontaneous movements. 
But plants, with their wide-spread surface (34, 131) always in con- 
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tact with the earth and air on which they Teed, — the latter and the 
most important of these every wliere just the same, — liavc no need 
ef locomotion, and bo are generally fixed fast to the spot where 
ibey grow, 

481. Yet many plants move their parts freely, Bometimes when 
there is no occasion for it that we can understand, and sometimts 
accomplishing by it Bome useful end. The Budden closing of |}je 
katletd of the Sensitive Plant, and the dropping of its leafstiilk, 
when jiirred, also the sudden starling forwards of the stamens of tjio 
Barberry at the touch, are familiar examples. Sucli cases seem at 
first view so strange, and so different from what we expect of a plant, 
that these plants are generally imagined to be endowed with a pe- 
culiar faculty, denied to common vegetables. But a closer exam- 
ination will show that plants generally share in this faculty ; that 
similar movements may be detected in them all, only — like those 
of the hands of- a clock, or of the shadow of a sun-dial — they are 
too slow for the motion to be directly seen. 

482. It is perfectly evident, also, that'growth requires motion; 
that there is always ah internal activity in living plants as well as 
in animals, — a power exerted which causes their fluids to move or 
circulate, and carries materials from one part to another. Some 
movements ore mechanical ; but even these are generally directed 
or controlled by the plant Others must be as truly self-caused as 
those of animals are. Let us glance at some of the principal sorts, 
and see what light they throw upon vegetable life. 

463. Circniallon iu fielll. From wtiat we know of the anatomy of 
plants, it is clear that they have no general circulation (like that of 
all animals except the lowest), through a system of vessels opening 
into each other (402, 410). But in plants each living cell cari'ics 
on a circula^on of its own, at least when young and active. This 
may be beautifully seen in the transparent stems of Chara and many 
other .water-plants, and in the leaves of the. Fresh-water Tape-Grass 
(Vallisneria), under a good microscope. Here the sap circulates, 
of^en quite briskly in appearance, (but the motion is magnified as 
well as the objects,) in a steady stream, just beneath the wall, 
around each cell, passing up one side, across the end, down tl»e 
other, and so round to complete the circuit, carrying with it small 
particles, or the larger green grsuns, which make the current more 
visible. This circulation may also be observed in hairs, particularly 
those on flowery, such as the jointed hiurs of Spiderworl, looking 
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nnder the glass like strings or blue' bead«, each bead being n n-ll. 
But here a microscope mogDiTying six or eight liundred limes in 
diameter is Deeded to see the current disiincU)'. 

484. The movement belongs to the prvtoplaim (47C), or jelly-liLe 
malter under the cetl-walL Ad this substance has just ihe same 
composition as ibe flesh of animals, it is not so strangcthat it should 
exhibit such animal-like characters. In the simplest water-plants, 
of the Sea-weed family, the body which answers to the seed is at 
first only a rounded little mass of protoplasm. When these bodies 
escape from the mother plant, they often swim about freely in the 
water in Tarioui directions, by a truly spontaneous motion, when they 
closely resemble animalcules, and are ofW mistaken for them. After 
enjoying this active life for several hours, they come -to rest, form 
a covering of cellulose, and therefore become true vegetable cells, 
fix themselves to some support, germinate, and grow into the 
perfect plant. - • 

483. IbwrpUOD, CoiTCyBDCe of the Sap, kt. Although contained in 
cells with closed walls, nevertheless the fluids taken in by the roots 
are carried up through the stem to the leaves even of the topmost 
bough of the tallest tree. And the sap, after its assimilation by the 
leaves, is carried down in the bark or the cambium-layer, and dis- 
tributed throughout the plant, or else is conveyed to the points where 
growth is taking place, or is accumulated in roots, stems, or wherever 
a deposit is being stored up for future use (71, 104, 128, 469). 

486. That the rise of the sap is pretty rapid in a leafy and growing 
plant, on a dry summer's day, is evident from the amount of water it 
is continually losing by exhalation from the foliage (447) ; — a loss 
which must all the while be supplied from the roots, or else the 
leaves would dry up and die ; as they do so promptly when sepa- 
rated from the stem, or when the stem is cut off from the roots. 
Of course they do not then lose moisture any foster than Ibey 
did before the separation ; only the supply is no longer kept 
up from beioH'. 

487. The rise of the sap into the leaves apparently is lo a great 
degree the result of a mechanical process, which has been culled £n' 
dotmote. It acts in this way. Whenerer two fluids of different 
density are sepiraied by a membrane, whether of dead or of living 
substance, or are sepnrated by any porous partition, a flow takes 
place through the partiti(in, mainly towards the heavier fluid, until 
that b brought to the same density as the other. A familiar illus- 
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tration ia seen when we place powdered sngar upon strawberries, 
and slightly moisten them : the dissolving sugar makes a solution 
stronger than the juice in the cells of the fruit ; so this is gradually 
drawn out. Also when pulpy fruits are hoiled in a strong sirup ; as 
soon as the eirup becomes denser llian (he juice in the fruit, tho 
latter begins to flow out and the fruit begins to shrivel. But when 
Blirivelled fruits are placed in weak sirup, or in water, they become 
plump, because the flow then sets inwards, the juice in the cells being 
denser than the water outside. Now the cells of the living plant 
contain organic matter, in the form of mucilage, protoplasm, some- 
times sugar, &:c. ; and this particularly abounds in young and 
growing parts, such as the tips of roots (Fig. 56), which, as is well 
known, are the principal agents in absorbing moisture Irom the 
ground. The contents of their cells being therefore always much 
denser than the moisture outside (which is water containing a little 
cai-bonic acid, &c., and a very minute quantity of earthy matter), 
this moisture is constantly drawn inio the root. What makes it 
ascend (o the leaves ? 

488, To answer this question, we must look to the leaves, imd 
consider what is going on there. For (however it may be in the 
spring before the leaves are out), in a leafy plant or tree the sap is 
not forced up from below, but is drawn «p from above. Water large- 
ly evaporates from the leaves (447) ; it flies off into the air as vapor, 
leaving behind ail the earthy and the organic matters, — these not 
being volatile j — the sap in the cells of the leaf therefore becomes 
denser, and so draws upon the more watery contents of the cells of 
the stalk, these upon those of the stem below, and so on, from cell to 
cell down to the root, causing a flow from the roots to the leaves, 
which begins in the latter, — just as a wind begins in the direction 
towards which it blows. Somewhat similarly, elaborated sap is 
drawn into buds or any growing parts, where it is consolidated 
into fabric, or is conveyed into tubers, roots, seeds, and the like, 
in which it is condensed into starch and stored up for future use 
(74, 103, &c). 

489. So in absorbing moisture by the roots, and in conveying 
the sap or (he juices from cell to cell and from one part to another, 
the plant appears to make use of a physical or inorganic force ; but 
it manages and directs this as the purposes of the vegetable econ- 
omy demand. Now, when the proper materials are brought to the 
grooving parts, growth takes place ; and in growtli the plant moves 

1.5 
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the particles of matter, arruigea them, and shapes the fabric in a 
manner which we cannot at all explain bj any mechanical laws. 
The oi^ans are not shaped by any external forces ; tbej shape 
themselves, and take such forma and positions as the nature of 
each part, or the kind of plant, requires. 

490. Special HOTrmcilt. Besides growing, and quite independent 
of it, plants not only assume particular positions, but move or bend 
one part upon another to do sa Almost every species does thb, as 
well as what are called sensitive plants. In springing from the seed, 
the radicle or stem of the embryo, if not in the proper po^titm 
already, bends itself round so as to direct its root-end downwards, 
and the stem-end or plumule upwards. It does the same when 
covered so deeply by the soil that no tight can afiect it, or when 
growing in a perfectly dark cellar. But after reaching the light, 
the stem bends towards that, as every one knows ; and bends 
towards the stronger light, when the two sides are unequally ex- 
posed to the sun. It is now known that the shoot is bent by the 
shortening of the cells on the more illuminated side ; for if we split 
the bending shoot in two, that side curves over still more, while the 
opposite side inclines to fly hack. But how the light causes the 
cells to shorten on that side, we can no more esplun, tlian we can 
tell how the will, acting through the ner\-es, causes the contracticm 
of the fibres of the muscles by which a man bends his arm. We 
are sure that the bending of the shoot has nothing to do with 
growth, because it takes place after a shoot is grown ; and the del- 
icate stem of a young seedling will bend a thousand times faster 
than it grows. Also because it is yellow light that most favtws 
growth and the formation of vegetable fabric, while the blue and 
violet rays produce the bending. Leaves also move, even more 
freely than stems. They constantly present their upper face to the 
light ; and when turned upside down, they twist on Uieir stalky or 
curve round to recover their original position. 

491. Many leaves make other and quicker movements, as is seen 
in what has been called the ileep o/planti. That is, they change their 
position as night draws on, and in different ways, according to the 
species, — the Locust and Wood-Sorrel turning down their leaflets, 
the Honey Locust raising them upright, the Sensitive Plant turning 
Ihem forwards one over another ; and the next morning they resume 
their diurnal position. One fact, among otliers, showing that the 
changes are ni^t cauttd by the light, but by some power in the plant 
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Itself, is this. The Icavea of the Sensitive Plant close long before 
sunset ; but they expand again before sunrise, under much lees light 
than the^ bad when they closed. Besides, in this as in many other 
plants, the leaves take the nocturnal position when brushed or jarred, 
— in the common Sensitive Plant very suddenly, in other sorts 
less quickly, in the Honey Locust a little too slowly for us to see 
the motion. The way in which blossoms open and dose, some when 
the light increases and others when it diminishes, illustrates the same 
thing. 

493. The stamens of the Barberry, when touched at the base on 
the inner side, — as by an insect seeking for honey, or by the point 
of a pin, — make a sudden jerk forward, and in the process commonly 
throw some pollen upon the stigma, which stands a httle above their 
reach- In many blossoms, the stamens just at the proper season 
slowly approach the stigma, and after shedding their pollen recede 
or wither away. In such cases we plainly perceive that a useful 
end is subserved. But what shall we say of the Venus's Fiy4rap 
of Xorth Carolina, growing where it is always sure of all the food a 
plant can need, yet provided with an apparatus for catching insects, 
and for no other special use that we know of, and actually captur- 
ing them expertly by a sudden motion, in the manner already de- 
scribed (126, Fig. 81)? Or of the leaflets of the Desmodium 
gyrans of the East Indies, or one of the petals of some Orchideous 
flowers, moving spontaneously in a wide sweep, fulling and rising by 
turns every few seconds for nearly the whole day long? We can 
only say, that plants are alive, no less than animals, and that it is a 
characteristic of living things to movQ. 
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•,• CrTPTOOAMOUS OB FlOWEELESS PlASTS. 

493. In all the foregoing Lessous, ive bave had what maj be 
called plants of the higher classes alone in view. There are othera, 
composing the lower grades of vegetation, to which some allusion 
ought to be made. 

494. Of this sort are Ferns or Brakes, Mosses, Liverworts, 
Lichens, Sea-weeds, and Fungi or Mushrooms. They are all 
classed together under the name of Flo-werlesi Plants, at Crypto- 
gamout Planlt ; the former epithet referring to the fact that they do 
not bear real bhtsomg (with stamens and pistils) nor teeds (with an 
embrjo ready-formed within). The latter name means " hidden 
fructification," and intimates that they may have something ansiver- 
ing to stamens and pistils, although not the same ; and this is now 
known to be the case with most of them, 

495. Flowerless plants are so very various, and so peculiar in each 
family, that a volume would be requiitid to illustrate them. Curious 
and attractive as they are, lliey are loo difficult to be studied bofan- 
ically by the beginner, except the Ferns, Ciub-Mosses, and Horse- 
tails. For the study of these, as well as of the Mosses (which are 
more difficult, and more microscopic), we refer the student at once 
to the Manual of the Botany of the Northern United Slaies, where 
the spedes of this country are described and illuslraled. The 
structure and physiology of these plants, as well as of the still 
lower grades of Lichens, Sea-weeds, and Fungi, are explained in 
the Botanical Text-Bool, and in other similar works. When the 
student has become prepared for the study, nothing can be more 
interesting than these plants of the lowest orders. 



D,g,t,.,.d.i. Google 



LESSON S8.] aPEClES AMD KINDS. 



LESSON XXVIII. 



SPECIES AND KINDS. 



496. Until now, we have been considering plants as to their 
structure and their mode of life. We have, a» it were, been read- 
ing the biography of an individual plant, foUowing it from the tiny 
seedling op to the mature and fruit-bearing herb or tree, and learning 
how it grows and what it does. The botanist also considers plartU 
m to their relationshipi, 

497. Plants and animals, as is well known, have two great peca- 
liarities : 1st, they form themselves ; and 2d, they multiply them- 
selves. They reproduce themselves in a continued succession of 

498. IntliTidnils (3). Mineral things occur as mattes, which are 
divisible into smaller and still smaller ones without 'alteration of 
thdr properties (391). But organic things (vegetables and ani- 
mals) exbt as individual beings. Each owes its existence to a 
parent, and produces similar individuals in its turn. So each indi- 
vidual is a link of a chain ; and to this chain the natural-historian 
applies the name of 

499. Spctin. All the descendants from the same stock therefore 
compose one spedes. And it was from our observing that the sev- 
eral sorts of plants or animals steadily reproduce themselves, — or, in 
other words, keep up a succession of similar individuals, — that the 
idea of spedes originated. So we are led to conclude that the Cre- 
ator established a definite number of species at the beginning, which 
have continued by propagation, each after its kind. 

500. There are few species, however, in which man has actually 
observed the succession for many generations. It could seldom be 
proved that all the White Pine trees or White Oaks of any forest 
came from the same stock. But observation having familiarized 
us with the general tact, that individuals proceeding from the same 
stock are essentially alike, we infer from their close resemblance 
that these similar individuals belong to the same species. That is, 
we infer it when the individuals are as much like each other as those 
are which we know to have sprung from the same stock. 

501. We do not infer it from eveiy resemblance ; for there is the 
resemblance of Kno^ — as between the White Oak and the Bed Oak, 

15 • 
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and between tlie latter and tLe Scarlet Oak : these, we take for 
granted, haf e not originated from, one and the same stock, but &om 
three separate stocks. Nor do we deny it on account of every 
difference ; for even the sheep of the eame flock, and the plants 
raised from peas of the same pod, ma/ show differences, and sudi 
differences occasionally get to be very striking. When they are 
pretty well marked, we call tiiem 

Varietia. The White Oak, for example, presuits two or three 
Taiieties in the sbi^ of the leaves, although they may be all alike 
upon each particular tree. The question often arises, pntotically, 
and it is often hard to answer, whether tl>e differenoe m a particular 
case is that of a variety, or is specific If tha f(Hn«', we mf^ 
CMumonly prove it to be so by finding such intermediate degrees 
{£ difierence in various Individuals as to show that no dear line of 
distinction oan be drawn between them ; or else by observing IIm 
variety to vary back agun, if not in the same, individnal, yet in its 
offspring. Our sorts of Apples, Fears, Potatoes, and the like, show 
ns that differences which are permanent in the individual, and ooa- 
tinue unchanged through a long series of generations when prop^ 
gated by division (as by offtets, cuttings, grafts, bulbs, tubers, Stc), 
are not likely to be reproduced by se«d. Still they sometimes ara 
so : and such varieties are called 

JiacM. These are strongly matted varieties, capable of being 
propagated by seed. Our different sorts of Wheat, Indian Cmto, 
Peas, Badiihes, kc^ are fiuniliar examples : aitd the races o€ mea 
(^er an analogous imtance. 

502. It should be noted, that all varieties have a tendency to ba 
reproduced by seed, just as all the peculiarities of the parent toid l» 
be reproduced in the offspring. And by sheeting those plants wbich 
have developed or inherited any desirable peOiliarity, keeping them 
from mingling with their less promising brethren, and, aelectii^ again 
the most promising plants raised tro« their seeds, ve may in a few 
generations render almost any variety traiHinis»ble by seed, so long 
as we take good care of it. In Act, this is the way (he cultivated or 
dmnestioated races, eo useful to man, have been fixed and preserved. 
Baces, in fact, can hardly, if at all, be said to exist independently of 
man. Bat man does not really produce them. Such peculiarities 
— often surprising enough — now and then originate, we know not 
how (the plant «peri(, as the gardeners say) i they are only pre- 
served, gtf^/tigntai, and ganarally fiHtbar devalt^ed, by the adti^ 
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vator'a skilful care. If left alone, they dwindle and perish, or else 
revert to the original form of the species. 

503. Botanists variously estimate the number of known Bpecies 
of plants at from seventy to one hundred thousand. About 2,350 
species of the higher classes of plants grow wild in the Northern 
United States. So that the vegetable kingdom exhibits a very 
great diversity. Between our largest and highest-organized trees, 
such as a Magnolia or an Oak, and the simplest of plants, reduced 
to a single cell or sphere, much too minute to be visible to the 
naked eye, how wide the difference I Tet the eitremes are con- 
nected by intermediate grades of every sort, so as to leave no wide 
gap at any place ; and not only so, but every grade, from the most 
complex to the most simple, is exhibited under a wide and most 
beautiful diversity of forma, all based upon the one plan of vegeta- 
tion which we have been studying, and so connected and so an* 
ewering lo each olber throughout as to convince the thoughtful 
botanist that all are parts of one system, woi^a of one hand, realiza- 
tions in nature of the conception of One Mind. We perceive this, 
also, by the way in which the species are grouped into 

504. Kinds. If the species, when arranged according to their re- 
semblances, were found to differ from one another about equally, — 
that is, if No. 1 differed from No. 2 just as much as No. 2 did from 
No, 3, and No. 4 from No. 5, and so on throughout, — then, with aO 
the diversity in the vegetable kingdom there is now, there would yet 
be no foundation in nature for grouping species into kinds. Species 
and kinds would mean just the same thing. We should classify them, 
no doubt, for convenience, but our classification would be arbitrary. 
The feet is, however, that species resemble each other in very un- 
equal degrees. Some species are almost exactly alike in their whole 
Struct^ire, and differ only in the shape or proportion of their parts ; 
these, we say, belong to one Genus. Some", again, show a more gen- 
eral resemblance, and are found to have their flowers and seeds cod- 
Btructed on the same particular plan, but with important differences 
in the detfuls ; these belong to the same Order or Feunilt/. Then, 
taking a wider survey, we perceive that they all group themselves 
tinder a few general types (or patterns), distinguishable at once by 
tieir flowers, by their seeds or embryos, by the character of the 
seedling plant, by the structure of their stems and leaves, and by 
their general appearance : these great groups we call Claaeg, 
Finally, we distinguish the whole into two great types or grades ; 
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tlie Iiiglier griulo, of Flowering plants, exhibiting the full plan of 
vegetalitit), anU ihe loner grade, of FlowerlesB plaots, in wlucb 
vegetation is so simplified that at length the onlj' likeness between 
them and our common trees or Flowering plants is tliat they are 
both vegetables. From speeics, then, we rise ficst to 

505. fienera (plural of Genus). The Kose kind or genus, the Oak 
genus, the Clicstnut gennS, Sec., are familiar illustrations. Eacli 
genus is a group of nearly related species, exhibiting a particular 
plan. All the Oaks belong to one genus, the Chestnuts to another, 
the Beech to a third. The Apple, Fear, and Grab are species of one 
genus, the Quince represents another, the various species of Haw- 
thorn a third. In the animal kingdom, the common cat, the wild cat, 
the panther, the tiger, the leopard, and the lion are species of the cat 
kind or genus ; while the dog, the jackal, the different species of wolf, 
and the foxe.^, compose another genus. Some genera are represented 
by a vast number of species, others by few, very many by only on© 
known species. For tjie genus may be as perfectly represented io 
one species as in several, although, if this were the case throughout, 
genera and species would of course be identical (504). The Beech 
genus and the Chestnut genus would be just as distinct from the Oak 
genus even if but one Beech and one Chestnut were known ; as in- 
deed was the case formerly. 

506. Orders or Families (the two names are used for the same thing 
in botany) are groups of genera that resemble each other; that is, 
they are to genera what genera are to species. As familiar illustra- 
tions, the Oak, Chestnut, and Beech genera, along with tlie Hazel 
genus and the Hornbeams, all belong to one oi'der, vis. the Oak Fam- 
ily ; the Birches and the Alders make another fiimily ; Ihe Poplars 
and Willows, nncrflier; the "Walnuts (with the Butternut) and the 
Hickories, another. The Apple genus, llie Quince and tlie llaw- 
tboms, along with the PIueis and Cherries and the Peach, the 
Easpbeiry, with the Blackberry, the Strawberry, the Rose, and many 
other genera, belong to a lai^ oi'der, the Rose Family. 

507. Tribes and Suborders. This leads us to remark, that even the 
genera of the same order may show very unequal degrees of resem- 
blance. Some may be very closely related to one another, and at the 
same time differ strikingly from the rest in certain important partic- 
ulars. In the Rose Family, for example, there is the Rose genus 
iiself, with the Raspberry genus, the Strawberry, the Cinque'bil, 
Sec. near it, but by no means so much like it as they arc like each 
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other: this group, therefore, answers to what is called a Trihe ; and 
the Rose itself stands for another tribe. But we further observe 
that the Apple genus, the Hawthorns, the Quince, and the June- 
berry, though of the same order, and nearly related among them- 
selves, differ yet more widely from the Rose and its nearest relations; 
andso, OQ the other hand, do the Plum and Cherry, the.Feach and 
the Almond. So this great Rose Family, or Order, is composed of 
three groups, of a more marked character than tribes, — grou])s 
which might naturally be taken for orders ; and we call them Sub- 
orders. But sludenls will understand theso matters best after a few 
lessons in studying plants in a work describing the kinds. 

508. ClBSStl. These are great assemblages of orders, as already 
explained (515). The ordei-s of Flowering Plants are numerous, 
no less than 134 being represented in the Botany of the Nortliem 
United SLitea; but they all group themselvea under two great 
classes. One class comprises all that have seeds with a mono- 
cotyledonoua embryo (32), endogenous stems (423), and generally 
parallel-veined leaves (139) ; the other, those wiih dia>tyle<lonou3 
embryo, exogenous stems, and neltcd-veined leaves ; and the whole 
aspect of the two is so different that they are known at a glance. 

509. Finally, these two classes t<^ether compose the upper Seriei 
or grade of Floaering or Pktenogamow Plants, which have their 
counterpart in the lower Series of Fliywej^ess or Cryplogamou* Fiantt, 
— composed of three classes, and about a dozen orders. 

510. The universal members of classili cation are Glass, Order, 
Gentts, Species, always standing in this order. When there are 
more, they take' their places as in the following schedule, which 
comprises all that are generally used in a natural classification, 
proceeding from the highest to the lowest, viz. : — 

Series, 

Class, 

Subclass, 

Order, or Family, 
Suborder, 
Tribe, 

Subtribe, 
Genus, 

Subgenus or Section, 
Species, 
Variety. 
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LESSON XXIX. 

BOTANICAL NAHR8 AND CHARACTERS. 

511. Plants are elattified, — i.e. are marshalled under their re- 
spective classes, orders, tribes, genera, and species, — and they are 
ckaracteri^d, — that is, their principal characteristics or dietinguish- 
ing marks are described or enumerated, in order that. 

First, their resemblances or differences, of various degrees, may 
be clearly exhibited, and all the species and kinds ranked next to 
those they are most related to t — and 

Secondly, that students may readily ascertain the botanical names 
of the plants they meet with, and learn their peculiarities, properties, 
and place in the system. 

512. It is in the latter that the yoting Etudent is chiefly interested. 
And by -his studies in this regard he is gradually led up to a higher 
point of view, frcmi which he may take an intelligent survey of tlie 
whole general system of plants. But the best way for the student 
to learn the classification of plants (or Botany as a system), is to use 
it, in finding out hy it the name and the peculiarities of all the wild 
plants he meets with. 

513. NiniM* The botanical name of a plant, that by which a 
botanist designates it. Is the name of its genus followed by tliat of 
the species. The nuae of the genus or kind is like the family name 
or surname of a person, as Smith, or Jonei. That of the species 
answers to the baptismal name, as John, or James, Accordingly, 
the White Oak is called botanically Qaercui alba ; the first word, or 
Qwcwt, being the name of the Oak genus ; the second, idba, that 
of this particular species. And the Red Oak is named Qaercus 
rubra; the Black-Jack Oak, Quercut nigra; and soon. The bo- 
tanical names are all in Latin (or are Latinized), this being the 
common langaage of science everywhere ; and according to the 
usage of that language, and of most others, the name of the spedea 
comes after that of the genus, while in English it comes before it. 

514. Otnfrie Nlinct. A plant, then, is named by two words. The 
generic name, or that of the genus, is one word, and a substantive. 
Commonly it is the old cTaasical name, when the genus was known 
to the Greeks and Romans ; as Qaerctis for the Oak, Fagua fur the 
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Beech, C6rylut, the Hazel, and the like. But aa more genera be- 
came known, botanUta had new names to make or borrow. Maoj 
are named from some appearance or property of the flowers, leaves, 
or other parts of the plant. To take a few examples from the early 
pages of the Manual of the Botany of the ^Northern Dhited Statet, — 
in which the derivation of the generic names is explained. The 
genus Hepatica, p. 6, comes from the shape of the leaf resembling 
that of' the liver. Myostmu, p. 10, means mouse-tail. De^Mn- 
turn, p. 12, is from delphin, a dotjihin, and alludes to the shape <^ 
the flower, which was thought to resemble the classical figures of the 
dolphin. Ztrnthorhiza, p. 13, b irom two Greek words meaning 
yellow-root, the common name of the plant. Cindeifuya, p. 14, ii 
formed of two Latin words, meaning, to drive away bugs, the same 
as its common name of Bugbanc, the Siberian species being used to 
keep away such vermin. Sanffuinaria, p. 26, is named from the 
blood-like color of its juice. 

515. Other genera are dedicated to distinguished botanists or pro- 
moters of natural science, and bear their namf s : such are Moffttolia, 
p. 15, which commemorates the early French botanist, Magnol, and 
Jeffersottia, p. 20, named after President Jefferson, who sent the first 
exploring expedition over the Rocky Mountains. Others bear the 
name of the discoverer of the plant in question ; as, Sarracenia, p. 
23, dedicated to Dr. Sarrazin of Quebec, who was one of the first 
to send our common Fiteher-plant to the botanists of Europe ; and 
Claytonia, p. 65, first made known by the early Virginian botanist 
Clayton. 

516. Specific Namei The name of the species is also a single 
word, appended to tliat of the genus. It is commonly an adjective, 
and therefore agrees with the generic name in case, gender, &c. 
Sometimes it relates to the country the species inhabits; as, Clay- 
tonia Viryinica, first made known from Virginia ; Sanguinaria' 
Oanadensu, from Canada, &c. More commonly it denotes some 
obvious or characteristic trait of the species ; aa, for example, in 
Sarracenia, our northern species is named purpurea, from the pur- 
ple blossoms, while a more southern one is named fiava, because 
its petals are yellow j the species of Jefiersonia is called diphyUa, 
meaning two-leaved, because its leaf is divided into two leaflets. 
Some species are named after the discoverer, or in compliment to a 
botanist who has made them known ; as. Magnolia Fraseri, named 
afler the botanist Fraser, one of the first to find this spedea ; Ba- 
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nuDculus Panliii, p. 7, named for the botanist Fursh ; and Pulsa- 
tilla Jfutlalliana, p. 4, named in compliment to Mr. Nuttall. Such 
names of persons are of course written with a capital initial letter. 
Occasionally some old sabstanlive name is used for the species ; as 
Magnolia UmbreUa, p. 16, and Ranunculus Flammuia, p. 3. These 
are also written with a capital initial, and need not action! with 1^ 
generic name in gender, Six. 

517. The name of a variety, when it is distinct enough to require 
any, is made on the same plan as that of the species, and is written 
alWr it; as, Kanunculus Flammuia, variety reptans, p. 8 (i. e. the 
creeping variety), and K. abortjvus, variety micTonthiit, p, 9, or 
the small-flowered variety of this species. 

518. Kunci of GrODpg. The names of tribes, orders, and the like, 
are in the plural number, and are commonly formed by prolonging 
the name of a geims of the group taken as n representatire of it. 
For example, the order of which the Buttercup or Crowfoot genus, 
Ronuncttlua, is the represenlative, lakes from it the name ai Eanim- 
cttiaeea (Manual, p. 2) ; meaning Planlte RcmuncnlacetE when writ- 
ten out in full, that is, Kanunculnceous Plants. This order comprises 
several tribes ; one of which, lo which Ranunculus itself belongs, 
takes the name of Raitunettleee ; another, to which the genus Clem- 
alis, or the Vii^in's-Bower, belongs, takes accordingly the name of 
dematidea; and so on. So tlie term Rosacea (meaning Rosaceous 
plants) is the name of the order of which the Hose {Rwa) is the 
well-known representalive ; and Rosea is the name of the particular 
tribe of it which comprises the Rose. 

519. A fe\v orders ara named on a somewhat different plan. The 
great order Leguminosts, for instnnce (Manual, p. 68), is not named 
after any genua in it ; but the fruit, which is a legume (856), gives 
the name oi Legumiaout P/anls. So, likewise, the order UmbelUferm 
'(Manual, p. 148) means Umbelliferous or Umbel-bearing Plants; 
and the vast order Composilce (Manual, p. 177) is SO named be- 
cause it consists of plants whose blossoms are crowded into heads 
of the sort which were called "compound flowers" by the old 
botanists (277). 

520. Cbaractcrs. The brief description, or enumera^on in scien- 
tific terras of the principal distinctive marks of a species, genus, 
onlci', or olher group, as given in botanical works, is called its 
Character. Thus, in the Manual, already referred to, on the firat 
page, the character of the first great series is given ; then that of 
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the first class, of tbe first subclass, and of a division under it (p. 2). 
TheD, after the name of the order, follows its character (the ordinal 
character) : ander the name of each genns (as, 1. AtT€igene, p. 3) is 
added the generic characler, or description of what essentially dis- 
tinguishes it ; and finally, following the name of each species, is the 
tpecijic character, a succinct enumeratioD of the points in which it 
mainly differs from other species of the same genns. See, for illus- 
tration, Atragene Americana, p. 3, where the sentence immediately 
following the names is intended to characterize our species as to its 
difference from those of other regions. 

621. Under the next genus, Clejtiatts (p. 3), and generally where 
we have several species of a genus, the species are arranged under 
teetiom, and these often under tubsectiona, for the student's conven- 
ience in analysis, — the cliaraeler or description of a section applying 
to all the species under it, and therefore not having to be repeated 
under each species. But these dettuls are best understood by 
practice, in the actual studying of plants to ascertain their name and 
place. And to this the student is now ready lo proceed. 



LESSON XXX. 

HOW TO STUDY PLANTS. 

522. Hatinq explained, in the two preceding Lessrais, the general 
prindples of Classification, and of Botanical Names, we naay now 
show, by a few examples, how the student is to proceed in applying 
them, and how the name and the place in the system of an unknown 
plant are lo be ascertained. 

523. We suppose the student fo be provided with the Manual 
of the Botany of the Northern United ^atet, which describes all 
our plants known to grow wild this side of the Mississippi Kiver 
and north of North Carolina and Tennessee. And also to have a 
hand magaifi/ing-glass, and, if possible, a simple microicope, with 
mounted glasses, and with a stage, holding a glass plate, on which 
small flowers or Iheir parts may be laid, while they are dissected 
under the microscope with the pbintd of needles (mounted in han- 

16 
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dleG),or divided b^ a Bharp knife. Such a microscope is not neee»- 
laty, except for very email flowers ; but it ia a great convenience ^ 
all times, and is indispensable in studying the more difficult smts fst 
^ants.* 

624. To express clearly the distinctions which botanists cAiserve^ 
and vbich furnish the best marks to know a plant by, requires a good 
many technical tenns, or words used with a precise meaning. These, 
as they are met with, the student should look out in tbe Glossary 
(p. 103). The terms in common use are not so numerous as they 
would at first appear to be. With practice they will soon be- 
come so familiar as to give very little trouble. And the application 
of botanical descriptive language to the plants themselres, indicating 
all Uieir vuieties of form and structure, is an excellent discipline for 
the mind, equal, if not in eoroe respects superior, to that <^ learning 
a clasHcal language. 

525. inalyitil of l Plasl. For the first tnal we may as well take 
a Buttercup. Some species or other may be found in blossom at 
almost any part of the season, and, except in eariy spring, the frui^ 
more or less matured, may be gathered with the flowers. For a 
full knowledge of a plant the fruit is essential, although the name 
may generally be ascertwned without it. 

526. We wish to refer the plant first to its proper class and order, 
and ihen to its genus and species. The orders are so numerous, and 
so generally distinguishable only by a combination of a considerable 
number of marks, that the young student must find his way to them 
by means of an Artificid Key. With the plant in hand, let the 
student turn to page xvii of the introductory part of the Manutd, 
on which this artificial key to the natural orders commences. 

527. It opens with " Series I. Phanooauous or Flowerinq 
Plants " ; — to which, aa it has real flowers and produces seeds, 
our plant plainly enough belongs. Under this' are two classes. 

528. We read the characters (520) or distinctive marks of Chiss I. 
DicoTTLEDONOrs or ExoGENOcs PLANTS. This class, we per- 
ceive, ia known by its stem, by its leaves, by its embryo, and by the 
number of parts in the plan of the flower. The easiest of these for 
the young stndent to determine it by, is that of the leaves, which 
in this class are netted-veined (140). So they pltunly are in the 



• A very p>od inslniment of tlie feind, in its sEmplest fbrm, is famished by 
V»mn. 3. t W. Graiiow, opticians, of New HsTen, Connecticnt, for ten doUais. 
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Buttercup ; the plan of the veins is just as in Fig. SO, only the test 
is very deeply cut, in most iipectes> The character of the stem is not 
quite so easy to make out in an herb as it is in a shrub or tree. Id 
these we see at a glance vimt an exc^enous stem is (424-426): 
besides, the steiA of the Buttercup is generally hollow, and so the 
pith k partly broken up. Still, if we make a slice near the base, 
and view it under a magnify ing-^lass, we shall find that, although 
herbaceous, it is formed on the same plan as that of Maple (Fig, 
358) or any common wood. It is just as in Ftg. 852, onl^ there is 
not so much wood in it ; but what there is evidently forms a ring 
between a pilh in the centre and an outside hark ; eo it is exogenous. 
The embryo, in the seed of 
the Buttercup, is too minute 
for the student to find without 
considerable practice in dis- 
secting seeds : so that charac- 
ter must he passed by. But 
the five leaves of the calyx 
and the five petals plainly 
show that iixe flower is con- 

Btrucled on the plan of five. All this threes with Class I. ; so we 
may be sure our plant belongs to that class. 

529. Under this class are two subclasses. Subclass I. An«io- 
sPERHiE, has regularly closed pistils, the ovary forming a case which 
includes the ovules or young 
seeds. To get a good view 
of the parts, let us with i 

sharp knife cut a flower di- 1^/ 9) t /I'lL/l 
rectly through the middle from ' 
top to bottom ; as in Fig. 358. 
We see it has a cluster of many pistils, heaped on an oblong rece, 
tacle: some are left whole; some are divided. One pistil, wiih tlic 
wall of the ovary cut away on one side, is shown, more magnified, in 
Fig. 359, bringing to view the single ovule it contains. The other 
subclass (mentioned on page xxiii) has an open scale for a pistil, 
bearing naked ovules, such as is shown in Fig. 264 and Fig. 266. 

Flo. 35S. A tlowrr of i BnlteRiip (Ranunculua biilbmu) cut Ihnuth frnm lop to bol- 
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Our plant cle&rl}' belongs to the first BubcIaBa. The Becond subclass 
comprises ooly Pines, Spruces, C«dars, and the like. 

530. We Lave no leas than llO orders under thU subclass. To 
tud the unpractised student in finding his way among them, they are 
ranked under three artificial divbions ; tlie Polypetaloui, the Mtno- 
petaiout (page xx), and the Apetahut (page xxi). The flowers 
of the last are destitute of any corolla ; those of the second have the 
petals more or less united into a tube or cup ; the first alone has a 
corolla of separate petals. Our plant accordingly belongs to the 
PoLTPETALODS division. 

531. This division comprises fifty-four orders in the Korthem 
United States. The Artificial Key analyzes them by certain easy 
characters, arranged, as we perceive, under a series of headings, 
which lead by successive steps down to the order. The first is 
marked A, and has its counterparts B and C on the next page. It 
relates to the number of the stiunens. In our plant the stamens are 
more numerous than the petals : so it falls under the head A. 

532. The head under this, marked 1, — with its counterpart on 
the next page, marked 2, — relates to the calyx, whether free (269), 
or coherent with the ovary (271). If we have any doubt about this, 
the best way is to split the blossom tlirough from top to bottom, just 
as in Fig. 358. Here the calyx is entirely and widely separate 
from the pistils ; so we refer our plant to the head No. 1. 

533. The next step under this is marked with a star ( ■ ), and has 
its alternatives on the next page, marked one with two stars, the 
other with three. It directs us to examine the stamens, and see 
whether they grow directly on the receptacle (that is, are hypogy- 
nous, 269), or are united with the base of the petals, or else are 
home on the calyx. The first is plainly the case in the present in- 
stance ; eo we read on down the page. 

534. The next line reads, "Pbtils numerous, but cohering over 
each other on a long receptacle." In our plant they are numerous, 
but are entirely separate, only crowded together. We pass therefore 
to the next line, which reads, " Pistils several, immersed in the upper 
surface of a top-shaped receptacle " ; which by no means accords 
with our plant. So we proceed to tlie third line, which does accord, 
viz. : " Pistils more than one, wholly separate and distinct." The 
six lines which follow this, and which are set further in, rank under 
it. The first two give an alternative, relating to the length of the 
filaments. Our plant falls under the second, the " filaments " being 



D,g,t,.,.d.i. Google 



LESSON 30.] THE BUTTERCUP. 185 

" longer than the anther." Then follows an alternative, in several 
particulars, beginning wiili the anther. As our plant has two-celled 
anthers (294) and pei'fect flowers, and is an herb, we follow the 
second line. Under that is another alternative, beginning with the 
word " petals " : these as well as the sepals are deciduous soon after 
blossoming. So we are confined to the upper of the two lines, and 
this brings us out to the word Ranuscolace-k, p, 2. 

535. This is the name of (he order to which our plant must be- 
long ; and the figure, 2, refers to the page of the Manual where that 
order is described. 

536. We turn to that p^e, and read over the general description 
of the order Ranunculacex, especially the portion at the beginning 
printed in italics, which comprises the most important points. Its 
agreement with our plant shows that the key has opened the waj to 
a right result. Under this order we find 21 genera described. A 
&/nopsii gives their cliaracters in brief, and also those of the five 
tribes they belong to. We compare the characters of these tribes 
in succession with our plant The petals, being present and conspic- 
uous, exclude it from the first and the second tribes ; but with the 
third tribe, Ranunculf.^, it exactly accoi-ds, having the sepals 
overlapping each other in the bud, conspicuous petab with a little 
scale at their base inside, and one-seeded pistils, which form achenia 
or seed-like fruits (348). Under it are two genera, Ranunculus and 
Myosurus. With the first our plant agrees in its calys, in its head 
of pislib or fruits, and in its erect seed (Fig. 361). This genus is 
No. 8. We turn over to where it is fully described, under that 
number, on page 7, and read the generic character or description, 
which makes it certun that our plant belongs to the genus Ranun- 
culus, the Crowfoot or Buttercup genus. 

537. We have now only to find out lo which of the 17 species of 
R^punculus our plant belongs. Tfae color of the petab and the little 
scale at the base, as well as other marks, exclude it from the first 
section (§ 1), and lead us to § 2. Under this ttre two subdivisions 
designated by stars. The first has the "Achenia smooth," and takes 
in all the section except the last two species; our Buttercup has 
smooth fruits, and belongs here. Then we come to a further sub- 
division, marked with diggers ; to the first {■*-) our plant does not 
belong, not being aquatic, nor are the leaves filiformly dissected, 
i. e. cut into fine threads. It falls into the counterpart subdivision, 
marked ■*- ■t~, being terrestrial, and having a perennial root. 
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538. Under this are 13 species (from No. 3 to No. 15) arranged 
* under Uiree further eubdivisions. The first, marked ••*, having 
the leavet oil undivided^ does not answer. The second, marked 
*-* **, will not do, having the root-leaves undivided. The third, 
4-t' +• +*, answers to our plant Under it is yet a further sub- 
division (marked a and S) : tlie first (n) does not answer, having 
the petaU pale and not exceeding t/te calj/x ; the other (i) does 
answer well. Tliis comprises four species, to one of which our plant 
must belong, — a compariAon will soon determine which. To save 
labor in the comparison, some of the easiest and most certain marks 
are printed in italics in the description. We read the italics first, find 
that numbers 12, 13, and 14 are all excluded, are brought therefore 
to Ka 15, ascertain that the whole description agrees very well, and 
conclude that our plant is the Bulbout Crowfoot or Battercup, called 
by botanists Randkcolds bulbosus. 

639. This species flowers in spring and the early part of summer, 
and was introduced from Europe into Eastern New England and 
New York, but is rarely met with in the interior of the country. 
XAter in the season, however, another and taller species, otherwise 
much like it, is everywhere common in meadows and low pastures, 
the Jtantinculut acrit, which answers just as welt for tliis illustra- 
tion. There is also the wild Creeping Crowfoot, Kanvncultu r«pen» 
(No, 13), very common in most places ; at tlie opening of spring the 
Eariy Crowfoot, R. fascicularit, makes its appearance ; and several 
others occur in the courFie of the season. Having ascertained the 
genus from one species, the student cannot fail to recognize it again. 
^ at a glance, in other species, whenever they are met with. 

940. Returning to the species we have been occupied with, vie. R. 
buibotKi, we note the letter L. following the name. This stands for 
LinnteuE, the author who first described the plant tinder this name, 
llien come the common or English names ; then the specific char- 
acter ; after this, the station where the plant grows, and the part of 
the country in which it occurs. This is followed by the lime of blos- 
soming (from May to July) ; and then hy some general descriptive 
remarks. The expression " Nat. from Eu. " means that the species 
is a naturalized emigrant from Europe, and is not original to this 
country. These and other abbreviations used in botanical descrip- 
tions are explained in the Preface to the Manual of Botany. 
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HOW TO STUDY PLANTS : FURTHER ILLUSTRATIONS. 

541. Beginners ehould not be discouraged My the slow progress 
they will necessarily make in the first trials. By perseverance 
the various difficulties will soon be overcome, and each successful 
analysis will facililale the nest. Not ouly will a second species of 
the same genus be known at a glance, but commonly a second genns 
of the same order will be recognized as a relative at sight, by the 
family likeness. Or if the family likeness is not detected at the first 
view, it will be seen a« the characters of the plant are studied oqL 

542. We will help the student along the way by one or two more 
examples. We will lake in the first place the common cultivated 
Flax, which will serve our present purpose, although not truly a 
wild plant in this country. Turning, as before, to the Artificial Key, 
on p. xvii of the Introduction to the Manual-, the student asks first. 
Is the plant Ph^nogamou3 or Floweking ? Of 

course it is; the blossom, with its stamens and pistils, [? 
answers tbtU question. Next, To which of the two | 
classes does it belong? If we judge by the stem, we 
ask wliether it is exogenous or endogenous (422-424), j 
A section of the stem, considerably magnified, given on 
page 151 we may here repeat (Fig. 362) ; it plainly "* 

shows a ring of wood between a central pith and a bark. It is 
therefore ext^nous. Moreover, the leaves are netted-veined, though 
the veins are not conspicuous. * If we judge from the embryo, there 
will be little difficulty in dissecting a flax-seed, and in finding that 
almost the whole interior is occupied by an embryo with two coljle- 
dons, much like that of an apple-seed (Fig. 11, 12) ; so it is dico- 
tyledonous. If we turn to the parts of the blossom, we perceive 
they are five throughout (Fig. 363, 365), a number which occurs 
in the first class only. All these marks, or any of them which the 
student is able readily if verify, show that the plant belongs to 
Class I. DicoTTLEDONous or Exogenous Plants. 

543. To which subclass, is the next inquiry. The ovary in the 
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cenlrQ of the flower is of the ordinary sort, enclosing the ovulea : so 
the plant belongs to Subcluss I. Angiosperu^. 

51i. To get a good idea of the general plan of the flower, let the 
Btttdent cut it through the middle lengthwise, as ia Fig. 364, and 




also lake a Blice across a flower-bud, like Fig. 365. We see that 
the blossom is regularly constructed upon llie number five. It has 
a cnlyx of five sepals, a corolla of five petals, five stamens, and five 
itb their ovaries all combined into one compound ovary. 
note, also, that the several parts of (he blos- 
are all free and unconnected, — the leaves 

J of the calyx, the petals, and the stamens all ris- 
ing separately one afler another from the re- 
ceptacle undernearh the ovary: that is, these 
parts are hypogj'nous (269). 

645, Continuing now our analysis by means 
of the Artificial Key, we perceive at a glance that our plant belongs 
to the first or Folypetaluus division, having five separate petals. 
Next, its stamens, being only five^ exclude it from the subdi- 
vision marked A ; their position alternate with the petals excludes 
it from B (p, xvtii), but brings it under C. Under this comes the 
alternative between " 1, Calyx free from the ovary" and its coun- 
terpart, 2. (at the top of p. xx), in which the tube of the calyx is 
adherent to the ovary. The first is the case here. 

546. Under the next alternative ( # ) we are led to ask whether 
the leaves are punctate with dots, eith^ transparent, appearing 
like holes when we hold up a leaf between the eye and the light 

diviilei) Iriielliwise in ft enlirgerl. 

unupudtd Ouwet of the muim, • kwi at dlagnun. 
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(at least with a hand magnifying-glass), or else blackish and opaqae. 
There are no dots ; we accordiogly take the alternative below, with 
two stars. 

547. We next ask (under -i- ) whether the pistil or pistils are sim- 
ple. There are five separate styles, but only one ovary, which, when 
cut across (Fig. 365) is found to be divided within by partitions into 
several celh. It is therefore a compound pistil (311), which ex- 
clndes the plant from the section -t- ; while the cells being more 
than one exclude it from the section .<- .<^, and bring it under the 

548. The next question (under ++) is, Are the flowers irregular 
or regular? Clearly regular (239, 244). We therefore take the 
subdivision marked ** +^, and follow the analysis under it, begin- 
ning with the word " Stamens." Having five of these, and the same 
number of petals, our plant is excluded from the first line, and also 
from the second, but falls into the remtuning alternative, " Stamens 
just as many or twice as many as the petals." Under this comes the 
line, "Ovules and seeds only one or two in each cell." That is the 
case with our plant. Furthermore, it is an herb, and accordingly 
falls into one of the two Bucceediug lines. Its perfect fiowers (239), 
and its styles as many as the petals, exclude it from the first, and 
refer it to the second line. Under tliis are three alternatives, com- 
mencing with the woi'd " Sepals." The second, with five sepals and 
petals, and the pod (more or less completely) 10-celled, alone accords 
with our plant, and brings us to the name of the order it belongs to, 
viz. LIKA.CG.E, described on page 70. 

549. We turn to this page, and find that the plant agrees well 
with the brief character of the order Linacete, or the Flax Family ; 
and also with that of the only ^enus it comprises, viz. Linuu. 

550. As to the species, of course it does not agree with either of 
the sorts of Wild Flax ; but it is barely mentioned at the end under 
its specific name of dsitatissimum, it being occasionally found spon- 
taneous in fields where it has lately been cultivated. If we Jind a 
wild, yellow-flowered Flax with these same general characters, and 
having broadish leaves and distinct styles, it would be L. Virgini- 
anum ; if with narrower and pointed leaves, and the styles partly 
united, L. BooUii. 

551 After one or two analyses of this kind, the student will be 
able to pass rapidly over most of these steps. Suppose, for instance, 
a common Mallow to be the next subject. Having flowers and seeds, 
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it b PhnBagamooB. Hie n«tted-veined ha/rn, the Mrai<ture of tbe 
Blem, and the leaves of the flower in fives, at once refer it to Class L 
The piaUls, of the ordinary sort, refer it to Subclass I. The five 
petals refer it to tbe Foljpetaloaa divisioa ; the numerous stametis, 
to sobdivision A ; the free cal^x to the section marked 1 ; the eia- 
mena with the column of filaments unit«d with the base of the petals 
to • • (p. xviii) ; and the calyx being valrate in the bud (280), the 
monadelphous stamens (HI), and the one-celled anthers (Fig. S38), 
of the first Ibe under this head, bring us to the order Malvack^, 
described on page 65. 

552. Turning to that page, we find that our plant accords with 
the character of tbe order. Tbe synopsis which follows contains two 
tribes, differing in the stamens, the pistils, and the fruit. Our plant 
i^rees with Tribe I. Malted. The stigmas bring it under the eub- 
divisioa marked with one star, under which are four genera. Ttie 
tnvolucel (looking like an outer caljx) of three leaves or bractlels 
excludes it from the first and fourth. Tlie petals being obcordate or 
strongly notched at tbe end exclude it from tlie third ; while in all 
points it agrees with the second, viz. the genua Malva, or true 
Mallow. Referring to the full description of Malva, on page 66, 
which confirms this conclusion, we then read over the characters of 
the two species there described, especially noting the more distin- 
guishing points in Italic type, and we lenm at once that our speci- 
men belongs to the species rotund iron a. lis botanical name, 
therefore, is Malta botundifolia. 

553. We will take one plant more for illustration. Let it be a 
sort of Moming-Glory which is often met with climbing over shrubs 
along the moist banks of streams. Its uetled-veined leaves, the 
leaves of tbe calyx and the stamens being five, — no less tbaa the 
structure of the stem, if we choose to examine it, and tlie embryo 
with two leafy co^ledons (as in Fig. 26), readily inspected if we 
have seeds, — show that it beltmga to Clase I. Its pistil refers it 
of course to Subclass L The corolla being a cup or funnel-shaped 
tube excludes the plant from the first or Polypetalous division, and 
brings it under the second or Monopelalous division (page xx). 

554. This division is subdivided, in the first place, by tbe number 
of the stamens, and their position as respects the lobes of the corolla. 
ISovi, as the petals of the corolla in this flower are united up to the 
very border, the student may at first be puzzled to tell how many 
lobes it should have, or, more properly, how many petals enter into 
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ita composition. But the &ye leaves of the calyx would lead him to 
expect a coroUa of five parts also. And, although there are here 
really no lobea or notches to be seen, yet the five pltuts of tbe corolla 
answer to the notches, and prove it to consist of five petals perfectly 
united. Since the stamens are of the same number as the plaits 
of the corolla, and are placed before them (as may be best seen by 
splitting down the corolla on one side and spreading it out fiat), it 
follows that they alternate with the lobes, or petals ; therefore our 
plant belongs to the subdivision C. 

555. Next, the ovary is free from the calyx ; so the plant falls 
under the section ■ •, at the top of page xxi ; and the regular 
flowers and the number of itamens bring it under the subdivision 
.*- -t^. Then our choice out of the five equivalent lines beginning 
with "Ovary" or "Ovaries" fells upon the third, viz. "Ovary 2- 
lO^elled," ours being two-celled. Our plant has a style, and green 
herbage, referring it to the second of the next alternalives. lis 
five stamens borne on the corolla bring it to the third of the next 
set <^ lines ; and the absence of stipules, to the second line of the next 
alternative j and, finally, its alternate leaves and only four-seeded pod 
bring us to the name of its order, via. CoNVOLVULiCEa;, p. 333. 

556. Then, by the synopsis of that order, we reft'r the plant to the 
tribe Convolvulb^, — to the section with one star, and the sub- 
section ■*- ■*- (the calyx being surrounded by two broad leafy bracts), 
and so to tbe genus, 4. Calysteoia ; and under that genus (p. 33J) 
we are led to the species bkpium; — Calisteqia sefidu (ot Hedge 
Bindweed) being the name of our plant. 



LESSON XXXII. 



HOW TO STUDY PLANTS I FURTHER ILLUSTRATIONfl. 

557. The foregoing illustrations have all been of tbe first or Exo- 
genous class. We will take one from the other class. 

55S. A striking; and rather common plnnt of our woods in spring 
is the Three-leaved Nightshade, or Birthroot. Wilh specimens of 
this in band, and the Manual beliM« him open at the Artificial Key, 
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page xvi), the student, seeing ot once that the plant U'longs to the 
FhxnogBroons scries, proceeds (o delcnnine the cliiss. The netled- 
VRined leaves would seem to refer tlie plant lo the tii^t class ; while 
the blossom (Fig. 366, 367), constructed on the number three, natu- 
rally directs us to the second class, in which Ibis number almost nni- 
versallf prevails. Here the student will beEOlne^^'hat puzzled. If the 
seeds were ripe, they might be examined, to see whether the embryo 
lias one cotyledon only, or a pair. But the seeds are not to be bad 
in spring. We must judge, therefore, by the structure of the stem. 
Is it exc^noQs or endogenous ? If 
we cut tlie stem through, or take off 
a thin slice crosswise and lengthwise, 
we shall perceive that the woody 
matter in it consists of a number of 
threads, interspersed tiiroughout the 
soft cellular part without i-egularity, 
and not aillecled into a, ring or layer. 
In fact, it is just like the Com-slalk 
BM (^>S* 3^1 )t except that the woody 

threads are fewer. It is therefore endogenout (422) ; and this 
decides the qneslion in favor of Class IL Monocottledonocs or 
Endogenous Plants (page xxiii), notwithstanding the branching 
veins of the leaves. For neither this character, 
Dor the number of parts in the plan of the blos- 
som, holds good universally, while the plan of the 
stem holds without exception. 

559. The first division of this class, in the Ar- 
tificial Key, is into three sections, marked A, B, 
and C. Our plant plainly belongs to section B, 
the only one in which the fiowers exhibit both a calyx and a corolla. 

560. Under this are two subdivisions, marked 1 and 2. The 
plant we are examining belongs to the second, having solitary (i. e. 
single) flowers. This again is subdivided into two sec^ons, the first 
with a single star prefixed, the second with two stars. Having the 
"perianik free/fwn the ovary" our plant fulls into the second (page 
xxiv, line 2). 

561. At the next step we have four subdivisions lo select from, 
•marked by da^ers (■•-): the three herbaceous sepals and three 
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colored petals refer our plant to the tliird, marked ■*-■*-■*-, Under 
tlii^ we have four lines in a row, beginning with " Pistils" or "Pistil." 
As our plant has a compound pistil, with three styles or stigmas, but 
the ovaiies all united into one, which is three-celled, and with many 
ovules (or at length seeds) in each cell, it cannot belong to the first, 
which has nnmerous pistils ; nor to Ihe third, which has only one or 
two seeds in eact cell ; nor to the fourth, which has a one-celled 
ovary ; but it does accord with the second lino. One step only 
remains j which the three styles or sligmas and the three leaves in 
a whorl decide, directing us to TRILLIACE.E, page 461. 

562, On referring to that page, we learn tliat TrilliaceEe is a sub- 
order of the order Smilack.«, and that it tramprises two genera. 
Our plant accords with the first genus, Trillium, which b fully 
characterized on p. 4C3. 

563. We have now only to ascertain the species. The species of 
Trillium are arranged in two principal sections. The first (§ 1) 
has a sessile (i. e. stalkless) flower, with long and narrow petals. 
The second (§ 2) has tlie flower raised on a peduncle ; this includes 
our plant. The species we have in hand has a slender and nearly 
erect peduncle ; so it falls into the division • • ; it also has sessile 
and abruptly pointed leaves, which bring it under the subdivision 4-. 
The shape, size, and color of the petals, as well as the other partic- 
ulars mentioned, determine the species to be T. erectum. 

564. The student residing west of New England will also be 
likely to find another species, with similar foliage, but with largei^ 
pure white, and obovatc petals, turning rose-color when aboDt to 
fade. This will at once be identified as T. grandiflorum. And 
towards the north, in cold and damp woods or swamps, a smaller 
species will be met with, having dull-green and petioled leaves 
rounded at the base, and rather narrow, wavy, white petals, marked 
wiUi pink or purple stripes at Ihe base : this the student will refer 
to T. erythroeaTpum. But the species principally found in the east- 
ern parts of the country has a short peduncle recurved under the 
leaves, bo as nearly to conceal the much less handsome, dull whita 
flower : this belongs aceordin^ly to the first division under § 2, and 
is T. cemuum, the Mdding TriUium or Wake-Rol^n. 

565, Whenever the student has fairly studied out one species of 

a genua, he will know the others when he sees them. And when * 
plants of another genus of the same order are met with, the order 
may generally be recognized at a glance, firom the family resem- 
17 
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blance. For instance, having first become acquiunted with Ibe 
Convolvulus family in the genus Calystegia (556), we reoignize it 
:it once in the common Morning-Glory, and in the Cypress-Vine, 
and even in tbe Dodder, ahhough these belong to as many different 
genera. Having examined the common Mallow (552), we immedi- 
ately recognize the Slallow family {^MalvaeecB) in the Marsh-Mallow, 
sparingly naturalizeil along the coast {Manual, p. 66), in the Glade 
Mallow and the Indian Mallow (p. 67), in the Hibiscus or Sose- 
Maliow (p. 68), and so of the rest; because their relationship is 
exhibited in tlieir general appearance, and in the whole structure of 
the flowers, if not of the foliage also. 

566. So the study of one plant leads naturally and easily to the 
knowledge of the whole order or family of plants it belongs to ; — 
which is a great advantage, and a vast saving of labor. For, 
although we have one hundred and thirty-four orders of Flowering 
Plants represented, in our Botany of the Northern Slales, by about 
2,350 species, yet half of these species belong to nine or ten of these 
orders ; and more than four fifths of the species belong to forty of 
Ihe orders. One or two hundred species, therefore, well examined, 
might give a good general idea of our whole botany. And stu- 
dents who will patiently and thoroughly study out twenty or thirty 
well-chosen examples, will afterwards experience little difficulty in 
determining any of our Flowering Plants and Ferns, and will find 
the pleasure of the pursuit largely to increase with their increasing 
^owledgc. 

567. And the interest will be greatly enhanced as the student, 
rising to higher and wider views, begins to discern the &/ilem of 
Botany, or, in other words, comprehends more and more of Ik* Plan 
o/lht Otator in ih* Vegetal^ Kingdom. 
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BOTANICAL SYSTEMS. 



568. Natural Srsfcm. Me ^(em of Botany consists of the orfera 
' or families, duly arranged under their classes, and having the tribes, 
- the genera, and the species arranged in tliem according to their re- 
lationships. This, when properly carried out, is the Ifalural &fstem ; 

' because it is intended lo express, as well as we are able, thevarioua 
degrees of relationship among plants, as presented in nature ; — to 

' rank those species, those genera, Sec next to each other in the classi- 
fication which are really most alike in all respecU, or, in other words, 

' which are constructed mo^t nearly on the same particular plan. 

569. Now this word plan of course supposes a planner, — an in- 
telligent mind working according to a system : it is this system, 

' therefoce, which the botanist is endeavoring as far as he can to 
exhibit in a classification. In it we humbly attempt to learn some- 
thing of the plan of the Creator in this department of Nature. 

570. So there can be only one natural system of Botany, if by the 
term we mean the plan according to which the vegetable creation 
was called into being, with alt its grades and diversities among the 
species, as well of past as of the present time. But there may be 
many natural systems, if we mean the attempts of men to interpret 
and express the plan of the vegetable creation, — systems which will 
Tary with our advancing knowledge, and with the judgment and 

* skill of diiTerent botanists, — and which must all be very imperfect. 
They will all bear the impress of individual minds, and be shaped 
by the current philosophy of the age. But the endeavor always is 
to make the classification a reflection of Nature, as far as any system 
can be which has to be expressed in a series of definite propositions, 
and have its divisions and subdivisions following each other in some 
single fixed order.* 



• The best classification mnat fell to give more than an imperfect and con- 
Biderably distorted reflection, not merely of the plan of creation, but even of onr 
knowledge of it. It b often obliged to make arbitrary divisiona where NatnrB 
ebowa only transitions, and to consider genera, &c. as eqnal nnits, or groups of 
equally related spedes, while in fact they may be very unequal, — to assume, oa 
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571. The Natural STStem, aa we receive it, and as (o that portion 
of it which is represented in the botanj of our countiy, b laid before 
the student in the Manual of the Botany of the Ninihtm United Slate$. 
The orders, however, still require to be grouped, according to their 
natural relationships, into a considerable number of great groaps 
(or oBiancei) ; but this cannot yet be done throughout in any easy 

. way. So we have merely arranged them somewhat afler a custom- 
ary order, and have given, in the Artijieial Key, a contrivance for 
enabling ihe student easily to find the natural order of any plant 
This is a sort of 

572. Artifleitl ClUliflMtiDn. The object of an artificial classifica- 
tion is merely to furnish a convenient method of finding out the name 
and place of a plant. It makes no attempt at arranging plants ac- 
cording to their relationships, but serves as a kind of dictionary. It 
distributes plants according to some one peculiarity or set of pecu- 
liarities (just as a dictionary distributes words according to their 
first letters), disregarding all other considerations. 

573. At present we need an ailificial classification in Botany 
only as a Key to the Natural Ordeii!, — as an aid iu referring an 
unknown plant to its proper family ; and for this it is very needful to 
the student. Formerly, when theorders themselves were not clearly 
made out, an artificial classification was required to lead the student 
down to the genus. Two such classifications were long in vogue. 
First, that of Toumefort, founded mainly on the leaves of the flower, 
die calyx and corolla : this was ihe prevalent system throughout the 
first half of the eighteenth century ; but it has long since gone by. 
It was succeeded by the well-known artificial system of Linnteus, 
which has been used nntil lately; and which it is still worth while 
to give some account of. 

574. Tbl JUtifitial Sfdem of Linnsns was founded on the stamens 
and pisljb. It consists of twenty-four classes, and of a variable 
number of orders, which were to take the place temporarily of the 
natural classes and orders ; the genera being the same under all 



paper at leut, a Btrict]^ definite limitation of ([enera, of tribes, and of orders, 
altoogh obserration shows so much blending here and (here of natnrBl groups, 
snfflciently distinct on the whole, as to warrant ns in assuming the likelihood 
that the Creator's plan ia one of ipiidalioH, mt nf il'finite Umihition, except as to 
the species themselves. 
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675. The twenty-fonr elane$ of LinntenB were founded upon 
something about the etamens. The following is aa analysis of 
them. The first great division is into two great series, the Phee-- 
iMjKunoiM and the Oryptogamowt, the same as in the Natural S/Btem. 
The first of these is divided into those flowers which have the sta- 
mens in the same flower with the pistils, and those which have not ; 
and these s^ain are subdivided, as is shown in the following tabular 



Series I. PHJENOGAMIA ; plauU with itameDS and p 

Boirera. 
I. Sumens in the same flower as the pietils : 

« Not Qnhed with them, 
, 4- ]{or with ooe another. 

** Of eqoal length if either 6 or 4 inn 



One to each flower, dau 1, 


HoHAmau. 


Two " 


■2. 


DiAKDBIA. 


Three •■ 


a. 


TaiAXDBli.. 


Ponr " 


4. 


Tetrahdki^ 


Five " 


5. 


PEIITAITnKU. 


Sii " 


6. 


Hbxahdbu. 


Seven " " 


7. 


HsnAKDaiA. 


Eight " " 


B. 


OCIAHDBIA. 


Nine " " 


S. 


EmCBAHDKtA. 


Ten " 


10. 


Dboahsxia. 


Eleven to nineteen to each flower. 


II. 


DODSOANDBU, 




, IS. 


ICOSIHURIA. 


" " " on the calyi. 


13. 


POLTAHDBIA. 


■M. -M. Of nneqoal length and either 4 or 6. 






Foar, a long and S sborter. 


14. 


DinTVAHIA. 


Six, i long and S Bhorter, 


It. 


THBAnnAjfu. 


*. *- United widi eadi olha. 






Bj Hwir filaments. 






Litoonesetortnbe, 


16. 


MOHADEU^IA. 


Into two aets. 


17. 


DlADEURIA. 


Into three or more sets. 


IB. 


POLTADMIJHIA. 


B; th^r anthers into a nng, 


19. 


Sthowossia. 


* • United with the pistil, 


20. 


Gtvahvkia. 


1. Stamens and pistils in separate fiowen, 








21. 


Mo,.«oiA. 




S3. 


DllECIA. 








pistillate either in the same or in different 






individuals. 


as. 


POLTOAVIA. 


Series H. CBYPTOGAMIA. No alamens and 






piatili, thwefcro do proper flowen. 


24. 


CaxnooAMtA. 
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fi76. Hm names of these ebuses are all compoanded of Greek 
words. The. first eleven consist of the Greek numerab, in succes> 
sion, from 1 to 11, combined with andria, vhicb here denotes star 
mens; — e. g. Mommdria, with one stamen; and so on. The 11th 
has the numeral lor twelve stamens, although it includes all which 
have from eleven to nineteen stamens, numbere which rarely occur. 
The 12th means "with twenty stamens," but takes in any higher 
number, although only when the stamens are borne on the calyx. 
The 13th means " with many stamens," but it takes only those 
with the stamens borne on the receptacle. The 14tb means "two 
stamens powerful," the shorter pair being supposed to be weaker ; 
the 15th, " four powerful," for the same reason. The names of the 
next three classes are compounded of ade^thia, brotherhood, and 
the Greek words for one, ttea, and tnanif {Monadelpkia, Diadtlphia, 
and Pofyadelphia). The 19th means "united in one household." 
The 20th is compounded of the words for etameos and pistils united. 
Hie. 21st and 22d are composed of the word meaning kotue and the 
numerals one, or single, and two : Monacia, in one house, Diaeia, 
in two houses. The 23d is fimcifully formed of the words meamng 
pluraUlt/ and marriage, from which the English word jpolggamy a 
derived. The 24th is from two words meamng concealed nvptiah, 
and is opposed to all the rest, which are called J^ianogamout, be- 
cause their stamens and pistils, or parts of fructification, are evident. 
577. Having established the classes of hb system on the stamens, 
Linnteus proceeded to divide them into orden by marks taken from 
the pistils, for those of the first thirteen classes. These orders de- 
pend on the number of the pistils, or rather on the number of styles, 
or of stigmas when there are no styles, and they are named, like- the 
clBBsea, by Greek numerals, prefixed to gynia, which roeaos pttiU. 
Thus, flowers of these thirteen classes with 

One atjle or Muile stigma belong to Order 1. Honootmia. 

Two itylea or sessile stigmH, to 9. Dioihia. 

Three " " 3. Tmotnia. 

Fonr 1. « 4_ Tbtbaotsia. 

Five « n 5_ pBMTAOTllli. 

six " " 6, Ebiaotkia. 

Seven « u Y_ Hbptaotni*. 

Eigbt " " 8. OcrooYKiA. 

Nine " " 9. Enkeaotria. 

Ten " " 10. Dbcaotnia. 

Eleven or tvelre " 11. Bodhcaozhia. 

Uore tbtn twelve " . 13. Poltotmia. 
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678. The orders of the remaiQiDg classes are founded on rariouR 
GonskleraUons, some on the nature of the fruit, others on l!ie number 
and position ^of the Btamens. But there id do neoJ to enumerate 
them here, nor farther lo illustrate the Linnxan Artilicial Classifi- 
cation. For as a system it has gone entirely out of use j and as a 
Key (o the Natural Orders it is not eg convenient, nor by any means 
so certain, as a proper Artificial Key, prepared for the purptfse, such 
as we have been using in the preceding Lessons. 



LESSON XXXIV. 

HOW TO COLLECT SPECIMENS AND MAKE AN MEBBABrUM. 

679> For CollcctiDg Specimens the needful things are a large knife, 
strong enough to be used for digging up bulbs, Email rootstoeks, 
and the like, as well as for cutting woody branches; and a holaniccd 
box, or a portfolio, for holding specimens which are to be carried to 
any distance. 

580. It is well to have both. The botanical box is most useful 
for holding specimens which are to be examined fresh. It is made 
of tin, in shape like a candle-box, only flatter, or the smaller sizes 
like an English sandwich-case ; the lid opening for nearly the 
whole length of one side of the box. Any portable tin box of con- 
venient size, and capable of holding specimens a foot or fifteen inches 
long, will answer the purpose. The box should shut close, so that 
the specimens may not wilt: then it will keep leafy branches and 
most flowers perfectly fresh for a day or two, especially if slightly 
moblened. 

581. The portfolio should be a pretty strong one, from a foot to 
twenty inches long, and from nine to eleven inches wide, and fasten- 
ing with tape, or (which is better) by a leathern strap and buckle at 
the side. It should contain a quantity of sheets of thin and smooth, 
unsized paper ; the poorest -printing-paper and grocers' tea-paper 
are very good for the purpose. The specimens as soon as gathered 
are to be separately laid in a folded sheet, and kept under moderate 
pressure in the closed portfolio. 
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582. Boianical specimens should be either in flower or in fruit. 
Id the case of herbs, the same specimen will often exhibit the two; 
and both should by ull means be secured whenever i.t is possible. 
Of small herbs, especially annuals, the whole plant, root and hU, 
shoulil be taken for a specimen. Of larger ones branches will suf- 
fice, with some of the leaves from near the rooL Enough of the 
root or subterranean part of the plant should be collected to show 
whether the plant is an anauaj, biennial, or perennial. Thidt rootS) 
bulbs, tubers, or branches of specimens intended to be preserved, 
should be thinned widi a knife, or cut into slices lengthwise. 

583. For drying Spetiincni a good supply of soft and unsized paper 
— the more bibulous the better — is wanted ; and some conTeoient 
means of applying pressure. All that is requisite to make good dried 
boianical specimens is, to dry them as rapidly as possible between 
many thicknesses of paper to nbsorb their moisture, under as much 
pressure as c.in be given without crushing the more delicate parts. 
This piespuru may be given by a botanical press, of which various 
&rms have been contrived ; or by weights placed upon a board, — 
from forty to eighty or a hundred pounds, according to the quantity 
of specimens drying at the time. For use while travelling, a good 
portable press may be made of thick binders' l>oards for the sides, 
holding the diying paper, and the pressure may be applied by a 
cord, or, much better, by strong straps with buckles. 

584. For drying paper, the softer and smoother sorts of cheap 
wrapping-paper answer very well. Tliis paper may be made up 
into drieri, each of a dozen sheets or less, according to the thickness, 
lightly stitched together. Specimens to be dried should be put into 
the press as soon as possible after gathering. If collected in a port- 
folio, the more delicate plants should not be disturbed, but the sheets 
that hold them should one by one be transferred from the portfolio 
to the press. Specimens brought home in the boianical box must 
he laid in a folded sheet of the same thin, smooth, and soft paper 
used in the portfolio ; and these sheets are to hold the plants until 
they are dry. They are to be at once laid in between the driers, 
and the whole pot under pressure. Every day (or at first even 
twice a day would be well) the specimens, left ondisturbed in iheir 
sheets, are lo be shifted into well-dried fresh di'ici-s, and the pressure 
renewed, while the moist sheets are spread ont to dry, that they may 
take their turn again at the next shifting. This course must be 
continued until the specimens are no longer moist lo the touch, — 
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which for most plants reqaires abont a week; then they may be 
transferred to the elieets of paper in which they are to be preserved. 
If a great abundance of drying-paper is need, it is not necessary 
to change the sheets every day, after the first day or two. 

585. ntrbariDin. The botanist's collection of dried specimens, 
ticketed with their names, place, and time of collection, and sys- 
tematically arranged under their genera, orders, kc, forms a Sbr- 
tiu Siccus or Herbarium. It comprises not only the specimens 
which the proprietor has himself collected, but those which he ac- 
quires through friendly exchanges with distant botanists, or in other 
ways. The specimens of an herbarium may be kept in folded sheets 
of neat, and rather thick, white paper ; or they may be fastened on 
half-sheets of such paper, either by slips of gummed paper, or by 
glue applied to the specimens themselves. Each sheet should be 
appropriated to one epecies ; two or more difierent plants should 
never be attached to the same sheet. The generic and specific 
name of the plant should be added to the bwer right-hand comer, 
either written on the sheet, or on a ticket pasted down at that comer; 
and the time of collection, the locality, the color of the flowers, and 
any other information which the specimens themselves do not afford, 
should be duly recorded upon the sheet or the ticket. The sheets 
of the herbarium should all be of exactly the same dimensions. The 
herbarium of Linnaeus is on paper of the common foolscap size, about 
eleven inches long and seven wide. But this is too small for an 
herbarium of any magnitude. Sixteen and a half inches by ten 
and a half, or eleven and a half inches, is an approved size. 

586. The sheets containing the epecies of each genus are to be 
placed in genut-coveri, made of a full sheet of thick, colored paper 
(such as the strongest Manilla-hemp paper), which fold to the same 
dimensions as the species-sheet ; and the name of the genus is to be 
written on one of the lower corners. These are to be arranged 
under the orders to which they belong, and the whole kept in closed 
cases or cabinets, either laid flat in compartments, like large "pigeon- 
holes," or else placed in thick portfolios, arranged like folio volumes, 
and having the names of the orders lettered on the back. 
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GLOSSARY 



DICTIONARY OF TERMS USED IN DESCRIB- 
ING PLANTS, 



COMBINED WITH AN INDEX. 



A, at the beginniiig of wonU of Greek derir&tion, commonly signifies & negUivt^ 

or the absence of something ; as apetalotu, without petals ; ophjllous, leaC- 

less, &c If the word begins with a vowel, the prefix i« an ; u onaDllier- 

oua, dcBtitate of anther. 
Abnormal: mntrar}' to the usoal or the nataral stmctare. 
Aboriginal: original in the Btriclest sense; same as indigenous. 
Abortioe: imperfectly formed, or radimentary, as One of the Gtameot iuflg. 195, 

and throe of them in fig. 196, p. 95. 
Abortion : the imperfect formation, or non-formation, of SOioe part. 
Abrupt: suddenly lerminaling; as, Bar instance, 

Abruptly pinnate ; pinnate without an odd leaflet at the end j fig. I S8, p. 6S. 
Acaideicail {acanlii) : apparently Btomlcss ; the proper stem, bearing the leare* 

and flowers, being very short or sublenuieiui, as in Bloodrool, and tnoat 

Violets; p. 36. 
Aa^saory : something additional ; as Accesiorg budi, p. S6. 
Accracenl: growing larger ofter flowering, as the calyx of Physalis. 
AccambeiU: lying against a thing. The cotyledons are accumbent when they 

lie with their edges against the radicle. 
Aceroie: needle-shaped, as the leaves of Fines ; fig. HO, p. 72, 
Aixtdbuliform: saucer-shaped. 

Adienium (plural achenia) : a, one-seeded, seed-like frait; flg. S86, p. 129. 
Achlamgdeoas (flower) : without floral envelopes i as Liiard's-Hul, p. 90, fig. 180. 
Acicalar; needle-shaped ; more slender than acerose. 
Acindci/orm; scymi tar-shaped, like some bean.pods. 
Acinra: the separate grains of a fniit, such as the ratpberry; fig. 389. 
Aeora: the nut of the Oak ; fig. 299, p. 130. 
Acotyl^nBui ! (lestitnte of cotyledons or seed-leaves. 
Acnigenous: growing tram the apex, as the alems of Ferns and Mosses. 
Acrogens, or Acrogenoui Planlt: the higher Cryptogamoua plants, such m 

Ferns, fa:,, p. 172. 
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Aadeatt! armed with prickles, i. c. acuta; aa the Rose tuid Brier. 

Acilfolate : Brmed with email prickles, or siightlj pricklf. 

Aciimmate: taper-pointed, a« tlie leaf in fig. 97 and fig. 103. 

Acate: merely Btiarp-poiated, or ending in a point less than a right angle. 

Addphoui (stazDene) : joined in a freleniitj {addjMa) : Me monoMphaut and 

i^addphoia. 
Adherent: sticking to, or, more commonlj, growing bst to another body; p. 104. 
Adaate: growing fast lo; it means bom adhereDt. The anther ia adnate when 

fixed b/ its whole length to the filament or its prolongation, aa in Talip- 

tree, fig. 333. 
Adpreised, or apprased: brought into contact, bnt not united. 
Adscenilent, axendent, or aicemiii^ : rising gradually upwards. 
Adsiirr/ent, or asam-geni : same aa ascending. 

Adi-enliliout : out of the proper or usnal place; «. g. Advmtitiout buds, p. 26,37. 
Adventive: q>plicd to Toreiga plants accidentally or sparingly eponlaneoDS in a 

country, but hardly to be called naturalized. 
jEquilaifrai ; cqoal-aidal ; opposed to oblique. 
jEtHnalioa : the arrangement of parts io a flower-bud, p. 108. 
^Ir<ellt or AiT-pamaga : Spaces ia (be tissue of leaves and some stems, p. 143. 
AtT-Plantl, p. 34. 
Ak^iam, or oibene. See aditBiam. 
Ala (plural cda) : a wing ; tbe side-petals of a papilionaceons corolla, p. 105, 

Alabdatrum : a flower-bad. 

Alar: situated in the forks of a stem. 

Alale: winged, as the seeds of Trumpet-Cieeper (fig. 316) the fruit of Ae Maple, 

Elm(fig. 301), &c. 

AVxtceat : whitish, or lotning while. 

Absorptiim,f.\&S. 

Aibdmen of the seed : noorishing matter stored np with the embryo, but not 
within it; p. 15, 136. 

A^men, a TCgctable product; a form of proteine, p. 1S5. 

A&um'HQtis (needs) : furnished with albumen, as the seeds of Indian com (fig. 38, 
39), of Buckwheat (fig 336), &c. 

ABidrnuBi: young wood, sap-wood, p 153. 

Alpine: belonghig to high mountains above the limit of fbresls. 

Ah€mat« (leaves) ; ono after another, p. 34, 71. Petals are altemale wilh the 
sepals, or Btnmcns with the petals, when they stand over the intervals be- 
tween them, p. 93. 

Alv^oltae: honeycomb-like, aa the receptacle of the Cotton-Thistle, 

Ament: a catkin, p. 81. Aititatateous : catkin-like, or calkin-bearing. 

Aaorphous : shapeless ; without any definite form. 

Amphtgdslnxm (plursl amphlgatlria) : a peculiar stipnle-liko leaf of certain 

Amphllropoiis oT AmphBropd ovnlfs or seei\!'. p. la.l. fie. 272. 

AaiiJ^clant: einhmr!n«. /Inip/iriOTiJ (lenvcs) ; clii-sping the stem by the base. 

Jlm/mffifrfous; swplline out like a bottle or hladder. 

Amyldceoiit : composed of ataicb, or starch-like. 
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.■ without aBlh«TB. Andnthoia : dcstitatc of flowerg ; flowerlesi . 
AndsloHiosing : forming a nct-vrork (anaifoiniwu), as the veins of leaves. 
Aadtropous or Amilmpol ovules or needs ; p. 123, lig. 373. 
Ancipilui iancrpt) : two-edged, u the Btem of Blne-e]'ed Grass. 
Aadraciuia ; a, aama for Iho slaraans taken together. 
AndnS^noai .- having both Maminata and piitillaie flowers in the sune diuler 

or inSorescence, as loanj species of Carex. 
Andn^iiiire i a colomn of nnited stamens, as in a Mallow ; or the support on 

which stamens are raised. 
Anfrdcluoae : benl hither and thither, as the anthers of the Squash, &c. 
Angiotp^rma, Angiotpirmoat Plants : with their seeds formed in an ovuj or peri- 
carp, p. 183. 
Angular dieer^ence of leaves, p. 73, 
Annual {plant) ; flowering and fitdting the ^ear it is raised Irom tlie seed, and 

tben dying, p. 31. 
Aamdar; in the form of a ring, or forming a circle. 
AaHulaie : marked b; rings ; or furnished with an 
Anautai, or ring, like that of the spore-case of most Ferns (Uannal Bot H. 

States, plate 9, lig, 3) ; in Mosses it is a ring of cells placed between tha 

month of the spore-case and the lid, in man; spades. 
Anleriar, in the blossom, is the part next the bnKt, L e. external : — -wliile Iho 

poateiior side is that next the axis of infloreeceiiM. Thus, in tbe Pea, &c. 

the keel is anierior, and the standard potUrior. 
Anther: the essential port of the stamen, which contains the poHen; p. 8S, 113. 
AntAertdium (plural aiuheniiia) : the organ in Mosses, &c which answers W 

the anther of Flowenng plants. 
Antkertftroia : anther-bearing. , 

AMt^it ! the period or the act of the expanrion of a Qower, 
Ant/nxdi^ui (fruits) : same as mnlttple fnuis ; p. 133. 
Antieoas: same as anterior. • 

AiUrOnt: directed npwaids or Ibrwards. 
Ap^laiout: destitDte of petals ; p. 90, fig. 179. 
Aphj/lhat .- destitute of loaves, at least of foliage. 
Apical ! belonging to the apex or point. 
ApCcahU: poiatletted ; lipped with a short and abmpt point 
Apocdrpoui (pistils) : when the several pistils of the same flower are K^Mnite, 

as in a Bultercnp, Scdani (fig. 168), &c 
ApilphysU ! anj irregular swelling ; the enlargement at ^le base of the spore- 
case of the Um1»ellC^MoM (Manoal, plate 4), &c. 
Appendage : Kay snperadded part 
Appendkaiale : provided with appendages. 
Appretaed: where branches are close pressed to the stem, or leavea to tb« 

branch, &c. 
Aptfrout! wingless. 
Agaalic : living or growing in water ; applied to plant* whether growing under 

natter, or with all bat the base raised oat of it. 
Ardthnoid: cobwebby ; clotlied vrith, or consisting of. soft downj filnee. 
Arbiireout, ArboteiceiU .- ti«e-Uke, in size or finrn ; p. 3G. 
18 



D,g,t,.,.d.i. Google 



206 GLOaSAKV. 

ArcAeift)aiaiH (plnrul ardirgoaia) : the orgsa in Mimms, &c., whidi u moalogDiu 

to the pistil of Flowering Flanu. 
Arcuate; bent or curved like & bow. 
Ar^iilate : marked out into little spaces or anela. 
AriUate (aecdB) : fumisbed witb ui 
AtU or AriUut .- a fleahy growtli formii^ a false coat or uppeadaga M * Med ; 

p. 135, fig. 318. 
ArUtate : awned, i. e. fnmisbed with an arista, like the beard ot Bnrlej, &c. 
Ariilulait ; diminntiTe of the last ; sbort-nwned. 
Ammnhapat or Arrow-keaded : same as tagittalt ; p. 69, fig. 95. 
Artkaiatai! jointed ; famished with joinls or arttcH^ioni, where it aepaiatea ot 

inclines to do so, Arlicviaied leatres, p. 64. 
Artificiid Claatificatum, p. 196. 

Ax^tKng (steou, &c.), p. 37 ; (setAt or oToIea), p. 123. 
Atpergitifana : shaped like the brush used to sprinkle holy water; a> the digmaa 

of many Grassee. 
Ammltitum, p. 162. 
Aiaurgeni! ssme as ascending, p. 37. 
Alropma or Alropal (ovules) : same as orthotropooB, 
Aaricalale; fnmishcd with auricles or ear-like appendages, p. SfP. 
Aid-ikaped: sharp-pointed from a broader base, p. 68. 
Awn: the bristle or beard of Barley, Oats, £c.; or any einular bristMike q>- 

pendage. 
AwBtd: furnished with an awn or long btisile^haped ti{i. 
Axil ! the angle on the upper side between a leaf and the stem, p. SO. 
Axile: belonging to the axis, or occupying ttie axis ; p. 119, &c. 
Axillary (bnds, &c.) : occurring in an axil, p. 31, 77, &c. 
Axi* : the central line of any body ; the organ round which othen ere attached ; 

the root and stem. AtoaidiBg Axia, p. 9. Dtteeading Axa, p. 9. 

BacaOe i berry-like, of a pnlpy natuie like a berry (in Latin bacea) ; p. 127. 

Barbate : bearded ; bearing tufts, spots, or lines of bairs. 

Barbed : furnished with a barb or double hook ; as the apex of tiw biistle on tbe 
fmitof Echinospermum (Slickseed), &c. 

Bdrb^ate: said of the bristles of the pqipna of some Composite (species t^ 
Linlris.&c.), when beset mlh short, stiff baits, longer than vdien dentjenlate, 
but shorter than when plumose. 

BarUUttlate : diminutivo of barbellate. 

Bart; the covering of a stem outside of the wood, p. 150, 153. 

Batal: belonging or attached to the 

BoK! that extremity of any organ by which it is attached to ila sappoit. 

Bait, Baa-Jibres. p. 147. 

BeaJxd: ending in a prolonged nairow tip. 

Bearded: see barbate. Beard is sometimes used populaily for awn, more com- 
monly for long or BtifT hain of any sort. 

Bdl-ahaped: of the shape of a bell, as the corolla of Hatebell, fig. 207, p. XtH. 

Berry: a fruit pnlpy or juicy throughout, as a grape; p. 1S7. 

Bi- (or Bis), in compound words : twice ; as 
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<!e jointed, or two-joinud ; sepanitiiig into two piwea. 
BiauTicaiate : having two enra, as tho leaf in lig. 96. 
Bkalloie : having two calloeitiea or barder &poIa. 
Bicdrinale : two-kealed, ai the upper palea of Graases- 
Bic^tal {Buxpi) : two-beaded ; dividing into two parts at the lop or bottom. 
Bie^jugUa : twice paired, as when a pectale forks twice. 
Bidaoatt! having two teeth (not twice or doubi? dentate). 
BUhnial : of two years' continoance ; Bpringiog from the seed one season, 

flowering and d/ing the ne:tt ; p. SI. 
Bifdrima : two-ranked ; WTflnged in two rows. 

Bifid: two.cleft to al>ODt the middle, as the petals of Mouse^ar Chicki^ced. 
BifiHialaie .- a compound le«f of two leaflets ; p. 66. 
Bi/Hrcalt! twice forked ; or, more commonly, forked into two branches. 
Bijwgaiei bearing two pturs (of leaflets, &c.). 
BSdbiatt: two-lipped, as die corolla oF s^e, &c , p. 105, fig. 209. 
BiUnullaU! of two plates lUmtUtc), as the stigma of MimuluB. 
Bil^itd: the same as two-lobed. 
Bildcaiar; two-celled; as most anthers, the pod of Fox^ove, most Saxifrages 

(fig. 254), &c. 
Birtale : in couples, two together. 
Bipartite : the Latin form of two-parted ; p. 6:t. 
Bipinnate (leaf) : twice pinnate; p. 66, fig. 130. 
Bipinadlijid : twice pinnatifid, p. 64 ; that is, pinnadfid with the lobes Bgaia 

pinnatifid. 
Biplkalt: twice folded together. 

Bit^riai, or Bia^riaie : occupying two rows, one within the other. 
BiMrmte: doublj serrate, as when the teeth of a leaf, &c are themselves serrate. 
Sil^rnaU : twice ternate ; i. e. principal divisions 3, each bearing 3 leaflets, &c. 
Biadderg: thin and inflated, like the calyx of Silene iodata. 
Blade of a leaf : its expanded poriJon ; p. S4. 

Boat-ihapedi concave within and keeled without, in shape like a amail boat. 
Bttkkiate: with opposite branches at right anglee to each other, as in the 

Uaple and Lilac. 
Bract (La^, 6nicrea). Bracts, in general, are the leaves of an inflorcbccni-c, 

more or less different from ordinary leaves. Specially, tho bract is t\\y, 

small leaf or scale from the axil of which a flower or its pedicel proceed - ; 

p. 7S; and a 
Bmcdtl (briKteola) is B bract seated on the pedicel or flowet-slalk ; p. 7S, fig. 156. 
Branch, p. 20, 36. 

Briidea : stiff, sharp hairs, or any very slender bodies of similar sftpearaace. 
Bnttig! beset with bristles. 
Sru^-ihaped : see atpergiUiJam. 
Bri/alogy: that part of Botany which relates to Hoeses. 
Bad: a branch in its earliest or undeveUiped state ; p. 30. 
Bad-aoda, p. 22, 50. 

Bu/&: a leaf-bad with fleshy scales, nsnally subterranean j p. 4S, flg. 78. 
BaUslfBTKit: bearing or prodndng bulbs. 
BaHoee or bidboia i bulb'like in shape, &c. 
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' BuHUU! tnuU boUx, borne tlbor» grotind, as on the sieroa of Ae biil1>-bMriiig . 
Lily and on the fronds of Cistopteris bulbifen and some other Ferns ; p. 46. 
BiJb-tcala, p. 50. 
BuUaie: appearing as if blistered or bladder; (trombuUa, ababUe). 

Qidibxna ■' dropping off rvry earlj, compared with other parts ; as the calj^f in 

the Foi^7 Family, hlliog when Iha flower opena. 
QapitPte, or OApilom : growing in tnrf-like pali^ea or tnlte, lilie most aedges, tc. 
Cilamitt! fhroished with a spar {cakar), as the flower of Lorkspar, Gg. 183, 

and Violet, flg. 181. 
CiJeiolaU or Cdlctifirm : Blipper-shaped, like one petal of the Ladj'i Slipper. 
CdUoK! hardened ; or famished nilh callosiijea or thickened spots. 
Cd/yane : belonging to the Cftlyx. 
Cal^aUaU: fnraiahed with an onter accessory calyx (coljcu/tis) (saetoftmcta 

loolung lika a calyx, as in tme Knks. 
Cal^ptra ; the hood or veil of ihe capanla of a Moss : Mannal, p. 607, &c. 
Cal^ptrifima : eliaped like a calyptra or candle^xtingnisher. 
Qili/x 1 the onEer set of the floral envelopes or leaves of the flower ; p. 85. 
Gtmbium and Omibium-Iager, p. IM. 
CrpnpdavlaUi bell^haped ; p. 102, fig. 207. 
Campglatropoia, or Cam^lativpal ; cnrved ovnles and seeds of a paRknlar sort ; 

p. 123, flg. 271. 
QnnjM^otpinMM : applied to fmita of UmbelliferK when the Be«d is cnrred in 

at the edges, forming a groove down the inner &ce ; as in Sweet Cicely. 
Canalia^t : channelled, or with a deep longitodinaJ groove. 
CdacjikUt : latticed, resembling lattice-work. 
CaiOiBait: grsytsh-white ; hoaiy, aanally becauM ibe stirfikce is covered wilb 

fine white hairs, hKonota is whiter still. 
CapiUikfous, CdpiUary ; hair-like in shape ; as fine as hair or slender bristles. 
Cdpitaie 1 having a globular apex, like the bead on a {un ; as the sdgma of 

Cherry, fig. 813 ; or fonning a head, like the flower.claster of Bnttoa-bnah, 

flg. 161. 
CapUiOate : diminutive of capitate ; as the stigmas of flg. 299. 
Capaalim (a little bead) : a close rounded dense cluster or head of sessile 

flowers; p. 80, fig. 161. 
Capr^)lale: bearing tendrils (from copreo/us, a tendril). 
Cupaule: a pod ; any dry dehiscent seed-vessel ; p. 131, fig. 305, 306. 
Cdptular: relatiag to, or like a capsule, 
Carfya: a keel; the two anterior petals of a papilionaceoos flower, whicb ara 

crnnbined to tbrm a body shaped somewhat like the keel (or rather tba 

prow) of avetwel; p. 105, fig. 218, i. 
Cdrijiatt .- keeled ; furnished with a sharp ridge or projection on the lower side. 
Can'Optis, or Caryapat: the on»4eeded frnit or gr^ of Qrasses, &c., p. 391. 
Cdmeaaa : flesh-colored ; pale red. 
Cdmou : fleshy in textoie. 
Cdrpd, or Carptdum ; a simple pistil, or one of the parts or leaves of irfiich a 

compound pistil is composed; p. 117. 
CdrpfOari/: pertaioiog to a carpel. 
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Carpolog^: that deparlment of Botany which reUlea lo frniti. 

Cdrpopkore: the Btalk or support of a fruit or pbtil iritbiD the flower; u in 

fig. 276-278. 
Cartildifiaom, or Cartilagineoiis : lirm and tough, like cartilage, in texture. 
Cdrancte: «□ cxci'ciiCGnoc at the scar of goido seeds; as those of Potygola. 
Cuniacalale : fumisbcd with a canincle. 

CaryofAjlldceoaa ! pink -like : applied to a corolla of 5 long-clawed petals; fig. 200. 
Catkin: a scaly dedduous spike of flowers, an ament; p. 81. 
Caudate : toiled, or tail-pointed. 

Caudex ! a sort of trniik, such oa that of Falms ; an upright rootstock ; p. 37. 
Cadiiceal : having an obvious etcm ; p. 36. 
CalSicU: a little stem, or rudimentary stem; p. 6. 
Oaiili'ie: of or belonging to a stem (cautit, in Latin ), p. 36. 
Cell {diminutive CW^M^) ; the cavity of an anther, ovary, &e., p. 113, 119; one of 

the elements or vesicles of which plants are composed ; p. 140, 142. 
CfJfuAir tiMueofplanla; p. 142. CcUular Baii, p. 152. * 

Cellalose, p. 159. 
OeBtrffagai (inflorescence) : produced or expanding in succession from the centre 

outwards ; p. 82. The radicle is centrifugal, when it points away from the 

centre of the fruit. 
Ceritr^ielai : tho opposite of centrifi^al ; p. 79, S3. 
Cereal: belonging to com, or corn-plants. 
(Vmuous : nodding ; the summit more or le«B inclining. 
Chaff: small membranons scales or bracts on the receptacle of Composllte ; the 

glumes, &c. of Grasses. 
Cliaffs : foniished with chaff, or of the teiture of chaff. 
Oiatdai: that port of the ovule where all the parts grow together ; p. 13!. 
Oianadled: hollowed out like a gutter; same as canaiiadaU. 
Otarader : a phrase expressing the essential maAs of a spedes, genus, &C. 

which distinguish it from uU others; p. ISO. 
OarfdceDui ; of the texture of paper or parchment. 
ChldrophgU : tiie green grains in the cells of the leaf, and of other parts exposed 

to the light, which give to herbage its green color; p. 155. 
ChTOmaU: coloring matter in plants, especially when not green, or when liquid. 
Cicatrix : the scar left by the fall of a leaf or other oi^an. 
Cdiale : beset on the margin with a fringe of cilia, 1. e. of hairs or bristles, like 

the eyelashes frin^ng the eyelids, whence the name. 
Cin&eoua, or Cinenkeaas : ash-grayish ; of the color of ashes. 
Clrcinaie : rolled inwards from the top, like a crosier, as the shoots of Ferns ; 

p. 76, fig. lU; the flower-clusters of Heliotrope, Ac 
CiToiiiaasiiU, or CircunKitsile : divided by a circular line round the sides, as 

the pods of Purslane, Plwitain, &c. ■ p. 133, flg. 298, 311. 
Grcimca-iplion : the general outline of a thing. 
CiTTklfenxa, or Cirrhoae : fiimished with a tendril (Latin, cirrJus) ; as A^n Ompft. 

vine. Cirrhose also moans resembling or coiling like landrili, m the leas' 

at&llts of Virgin's-bower ; p. 37. 
(last, p. 175, 177. 
Clat^fication, p. 173. 

18 • 
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Ctdthralt : latticed ; same ascanceUale. 

Odcale : cluti-iliiipett ; sk'ndur billow and tljirkcnpil upwards. 

C'lai: tWnarruwurBIulk-likc b;i^of^mc ]K:lalc, a^ot I'inks; p. 102, fig. 200. 

Cliiubini/ ! rising by clinging to olliur olijctu ; p. 37 . 

Clidhdiapeii : Bee diiaiie. 

Clattered : leavus, fliiwcrs, &c. aggregated or collected into a bimch 

OypfoU: bui'klvr-shaped. 

Coddaaate : evna as connate ; i e. united. 

CotUiscaii : growing together. 

Codrctale : contracted or brought close together. 

Coattd Baihs, p. 46. 

Cbdu'eMy ; same as aTodmoid ; bearing baits like cobwebs or gossamer. 

Coixiu (plural cocci) : aociently a berry ; now mostly used to deitote the caipeU 

of ft dry fruit wbich are scpuoblo boax each other, as of Euphorbia. 
Cochltdrijorm : spoon -shaped. 
CdchUaU t coiled or shaped like a snail-shell. 

Ctdotp^mma : apphed to those Truiis or Umbelliferai which have the seed hol- 
lowed on the inner face, by the curving inwards of the top and boUom ; aa in 

Coriander. 
QAarait, in Botany, is nsoally the same as connate; p. 104. 
Collective Jruits, p. 133. 

CoUunt or OiUar : the neck or line of junction between the stem and die root. 
Colombia : the axis to which the carpels of a compound pistil are often attached, 

as in Geranium (fig. 278), or which is left when a pod opens, as in Azalea 

and Rhododendron. 
CUumn : the united stamens, as in Mallow, or the stamens and [nstils united into 

one body, as in the Orchis ramilj, lig. 326. 
Calumnar : shaped like a column or pillar. 

Oima: a tuft of any Sort (literally, a head of hair); p. 135, fig. 317. 
CfltiioK: tufted; bearing a tuft of hairs, as tlie seeds of Milkweed ; Kg. 317- 
Cdmmiiture : the line of junction of two carpels, as in Che fruit of Umbelliferfe, 

such as Parsnip, Caraway, &e, 
CoBimoB : used as " general," in contradistinction to " partial " ; e. g. " common 

inyolucre," p. 81. 
CiSmplanale ; flattened. . 

Coiapoand leaf, p. 64. Campmald pittil, p. IIS. Qimpouiul umbel, &c., p. 81. 
Cbrnpltte (flower), p. 89. 
Complicate .- folded npon itself^ 
CompresKd : flattened on two opposite sides. 
Qmd^icate : folded upon itself lengthwise, aa aa^ the leaves of Magnolia ui the 

bud, p. 76, 
Cbne: the fruit of the Pine family ; p. 133, fig. 314. 
Qhifliiait : blended together ; or the same as coherent. 
OmJiSnned: similar to another thing it is associated with or compared to; or 

closely fitted to it, as the skin to the kernel of a seed. 
Cang<iated, Oongltiinerale : crowded together. 
Qfnjagale : coupled; in single pairs- 
Connaie : united or grown together from the fintt. 
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QmndHiBt, CoaBKtfmim: the part of the unther connecting its two cells ; p. 113. 

Coaiilceiil: coiiviTgin^', or hroii^'ht vlosa toj^lhor. 

Consoliduted forms of TcgetatJon, p. 47. 

Canlinaous : the revcrae of inlBmiptccl or articulated. 

Coaloi-ttd: tn-isted toucher. Coalorted attioatioa : same as amixilide ; p. 109. 

OtiilortapKaile : twisted back upon itself. 

Onilracled: either narrowed or shortened. 

Coali-arg : turned in an opposite direction to another organ or part with which 
• it is compared. 

OSio'olule ; rolled up lengthwise, as the leaves of the Plum in vernation ; p. 76, 
flg. 151. In (Hstiratioa, eame as contorted; p. 109. 

Cmdatt! heaiMhaped ; p. 58, Sg. 90, 99. 

Coriaceoaa : resembling leather in texture. 

Corky: of the texture of cort:. Cority fi^ferof bark, p. 152. 

Corm, ConrtvB ; a, solid bulb, like that of Crocus ; p. 44, fig. 71, '72. 

Qtmeoaa : at the consistence or appearance of horn, as tbe albnmea of the 
seed of the Date, Cotlee, &c. 

OmKculale : furnished with a small hom or spur. 

Gmale .- homed ; bearing a horn-like projection or appendage. 

ConSlla : the leaves of the flower within the calpi ; p. 86. 

CbroUtkeoas, CoroUbie : like or belonging to a corolla. 

Cbntna .■ a coronet or crown ; an appeadi^ at the top of tlia daw of some 
petals, as Silene and Soapwort, fig. 300, or of tiM ttibe of the corolltt of 
Hound 'e-Tongue, £c. 
CoT6iialt : crowned ; furnished with a crown. 
Cdiiiad: belonging to the bark {cortex). 
Car^mb: a sort of flat or convex flowerniliisier ; p. 79, fig. 158. 
CargnAdiie : approaching the fonn of a coi^inb, or bttudied in that waj; 

arranged in corymbs. 
CWu .- a rib; the midrib of a leaf, &,c, Cottate; ribbed. 
Cblgl&lons : the first leaves of the embryo ; p. 6, 137. 
CffU^riJbrm : goblet-ahaped ; broadly cup.shap«d. 

Creeping (stems) : growing flat on or beneath the ground and rooting; p. 97. 
Cr^aacarp! a half-fruit, or one of the two carpels of Umbellif^ne. 
Creaate, or Created: [he edge sealloped into rounded teeth; p. 63, fig. 114. 
Crested, or Cristate : bearing any elevated appendage like a crest, 
Cribnee : pierced like a sieve with small apertures. 
Crinite : bearded with long hairs, &c. 
Cnicn : see corona. 

Croumirtg : borne on the apex of anything. 
CnkitUe, or Cnkijbrm : cross-shaped, as the (bnr spreading petab of the Afns- 

tard (fig. 187), and all the flowers of that family. 
GTittaceoas ; hard, and brittle in texture ; cruGt-Uke. 
Crj/pld'jamoas, or Q-gpicganilc : relating to Crjplogamia; p. 172-201. 
CiKOllaie: hooded, or hood-shaped, rolled up like a comet of paper, or a hood 

{tcucidlia), as the epathe of Indian Tnmip, fig. 162. 
Oiim : a straw ; the stem of Grasses and Sedges. 
Obteale, C^nei/orn i wcdge4ha|ied ; p. 58, fig. 94. 
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Cap-thaped: same as cyolhiform, or near it. 

Ciipidt ! a lilllc cup ; tliu tu|i to (he acorn of the Oak, p. 130, lig. S99. 

Ciiptitate : provided with a cnpule. 

Cispidate ! tipped with a shaip and BtifT point. 

Cat ! s.imc sa incised, or applied generally to any sliarp and deep diviaioiL 

Guide : tlie skin of plaate, or mare strictly ila external pellicle. 

CgSk'ifona ! in iho shape of a cnp, or particularly of a wine-glass. 

Cycle ■ one complete turn of a spire, or a circle; p. 73. 

C^iaU. rolled np circularly, or coiled into a complete circle. 

Ci/dosia : the circulation ia closed cells, p. 167. 

Cgliiiiiraceout : approaching to the 

Cylindrical form; ai that of stems, &c., which are round, and gradoall^ if U «U 

tapering. 
CgnJKe/brm, or C^aibifbrm .- same as boat-shaped. 
C^me; a cluster of centrifugal inflorescence, p 62, fig. 169, 167. 
G/mose: furnished with cymes, or like a cyme. 

ZMea- (in composition of words of Greek derivation) : Kn ; ta 
Decdgynoas : with 10 pistils or styles, tkcdndroat : with 10 stamens. 
Decidiioas : Killing off, or subject to fall , said of leaves wliich fall in autumn, 

and of a calyx and corolla which fiill before the fruit forms. 
Dedinfd : fumed to one side, or downwards, as iho Btftmens Of Aialea nudiflorm. 
Deanapoand : several times compounded or divided ; p 67, Hg. 13S. 
Decambait: reclined on the ground, the Euuuuit tendiu); to rise; p. 37. 
Decarrmi (leaves) : prolonged on the stem beneath the insertion, as in Thistlei. 
Decussate: arranged in pdrs which snccessivcly Cross each Other; fig. 147. 
Definite 1 v/hi-n of a nnilnrm number, and not above twelve orso- 
DeJUxed: bent downwards. 

Dejiorale: past the flowering stale, as an anther after it has discharged its poUen. 
Dehiscence : the mode in which an anther or a pod i^;ularij bursts or ajdils 

open; p. 132. 
Dehiscent : opening bj regular dehiscence. 

Ddiqiieacent : branching off so that the stem is lost in the branches, p. S5. 
Ddloid: of a triangnlar shape, like the Greek capital A. 
Deaieried: growing below the sarface of water. 
Dendnud, Dendritic : tree-like in form or appearance. 
Dealole: toothed (from the Latin dem, a tooth), p. 61, fig. 113. 
Deallculate : furnished with denticutalions, or very small teeth : diminuliTC ot 

the last. 
D^apemte (impoverished or starred) : below the naturol size. 
Depressed : flattened. Or as if pressed down from above ; flattened vertically. 
Deacndiitg : tending gradually downwards. , 
Determinate Inflorescence, p. 81, 83. 
Dextrorse : turned to the right hand. 
Di- (in Greek compounds) : two, as 

Diddi^phoHS (stamens) : united by their fliaments in two sets ; p. Ill, tig. 3ST. 
Didndroas: having two stamens, p. 112. 
IHatpumt: a short distinguishing character, or descriptive phrate. 
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DidpiaBom : tmnKparcnt or tronalnccnt. 

DuJdamgdeaat (flower) : having both kvXjx. and corolla. 

Dichiilomant : Iwo-tbrked. 

Didinoaa: baring the stamens in one flower, the pietils in another; p. 89, 

fig. 176, 177. 
DiakBOas (fruit) : splitting into two cocci, or closed carpels. 
Dioorgl&lenoia (emhryo) ■■ having a pmr of cotyledons; p. 16, 137. 
DimtyUdonoia Plant), p. ISO, 182. 
Didgmoas: twtn. 
Didt/mmout (stamens) ; having fonr stamena in two pairs, one pair ahoiter than 

the other, as in fig. 194, 195. 
Diffttit: spreading widely and iiregularly. 
D6/iiate (fingered) : where the leaflets of a tomponnd leaf ai^ aU borne on the 

apex of the petiole ; p. 65, fig. 1 39. 
DtgysBus (flower) : having two pistils or styles, p. 116. 
Dimeroai : made up of two parte, or its organs in twos. 
Dimtdiale: halved; as where a leaf or leaflet has only one side developed, or a 

stamen has only one lobe or cell ; Hg. 239. 
Dtmorp/mia; of two forma. 
Diaaoat, or DfOuDui .- where the stamens and pistils are in separate flowera on 

dilFcrent plants; p. 89. 
LHp^atom: of two petals. DipAgUoai: two-teaied. D^eroui: two-winged. 
DUciJorm or Diik-thaptd : flat and circular, like a disk or quoit. 
Dtiii: : the face of any flat body ; the central part of a head of flowera, like the 

Sunflower, or Coreopas (flg. 824), aa opposed lo the my or maigin; a 

fleshy expansion of the receptacle of a flower; p. 135. 
DittteUd: cut deeply into many lobea or divisions. 
Diitfpimaiis : the partitions of an ovary or a fruit; p. 119. 
Dbtidioat: two-ranked; p. 73. 
DiMiacI; nncomhiited with each other ; p. 102. 
Divdricale: straddling; very widely divergent. 

Divided (leaves, &c.) : cut into divisions extending about to the base or llie mid- 
rib; p. 62, flg. 125. 
Dodrca- (in Greek corapouods) ; twelve ; as 
Dodee^ynaut i with twelve piiitila or atyles. 
Dodecandroia : with twelve siameDS. 
Dokiirijbfia ! axe-shaped. 

Donal: pertaining to the back (ifomini) of an organ. 
Donal Sutun-, p. 117. 
Dolled DucU, p. 148. 

Doable Flaam, so called : where the petals are multiplied nndnly; p. BS, US. 
Doumy : clothed with a coat of soft aod short hairs. 
Drupe; a etone-fruit; p. 128, flg. 285. 
Drupaceous i like or pertaining to a drupe. 
Duels : the so-called vessels of plants ; p. 146, 148. 
DumoK: bushy, or relating to bushes. 
Duramen: the heart-wood, p. 153. 
Dwarf: rcmai^bly low in atatoie. 
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£!-, or Ex-, at the beginning of componnd word*, metni destitute of; m ajolait, 
wiihoat a rib or midrib; eialbaminoiis, wilhoot albumeD, &c 

Eared : kg aariculale ; p. S9, tig. 96. 

Ebrdcltate ,- destitute of bracts. 

Echinate: armed with prickles (like a hedgehog). Ediimiiate! a diminutiTeorit. 

Edentate: toolhlcsi. 

Effete : pasl bearing, &e. ; eojd of anlhew which hare disehai'ged iheir pollen. 

Eglandidoset destitute of glands. 

Eldien: tlireadd mixed with the spores of Liverworts. (Mairaal, p. 683.) 

Ellipsoidal: approaching an elliptical figure. 

EUiplical : oval or oblong, with the cndi regulaMy i-ouoded ; p. S8, fig. 88. 

Emdrginate : oolcbcd at the summit ; p. 60, lig. lOS. 

i:!iil>iyo7 the rudimantary undeveloped plantlet in a seed; p. 6, fig. 9, 12, 26, 
31 -37, SX; and p. 136. Embrifo-mc, p. 139. 

Emerted ; raised out of water. 

Endecdggnout : with cleren pistih or sljles. Endecdndroia : with eleven etamenR. 

Endocarp: the inner layer of a pericarp or fruit ; p. 128. 

Endochrome : the coloring matter of AIgs and the like. 

End/igenoia Sttmi, p. 1 50. Endogenoua Plants, p. 1 50. 

Endosanae : p. 1 68. 

Endraperm : another name for the albumen of a eced. 

iadoatome : the orifice in the inner coat of an ovule. 

Ennea- : nine. Ennedggnoat .- with nine petals or Btylea, 

Ennedndroas : with nine stamens. 

Emijurm : sword-shnped ; as the leaves of Iiis, fig. 134. 

Satire: the mai^ns not al all toothed, notched, or divided, but even ; p. 61. 

E/ihenieTal : lasting for a day or leas, as the corolla of Parslane, &c. 

£/»-, in composition: upon; as 

kiiicarp: the outermost layer of a fniit ; p. 138. 

Epidermal: relating to the E/iiil^rmit, or the skin of a plant ; p. IS2, 155. 

Eplgaoas : growing on the earth, or close to llie gronnd. 

EpSgiptoia: upon the ovary ; p. 105,111. 

Epipeialo'is: borne on the petals or the corolla. 

Eptpiylloui : home on a leaf 

Epiphyte : a plant fjTtJwing on anotlicr plant, bat not nonrishcd hy it ; p. 34. 

Epiphytic OT Epiphytal : relating to Epiphytes/ p. 34. 

Episperm : the skin or coat of a seed, especially the onter coat. 

E'lual: same as regular ; or of the same nnmber or length, as the case may be, 
of' the body it is compared with. 

EqaaUy pirmate : same as abniptly pinnate ; p. 65. 

iqutlani (riding straddle) ; p. 68, fig. 133, 134. 

Erne: eroded, as if gnawed. 

Enfslrale .- not beaked . 

Eisentlal Organs of the fiower, p. 85, 

Estiedtion: see astivalion. 

Etiolated: blanched by excluding the light, as the stalks of Celery. 

Everj/reen : holding the leaves over winter and nntil new ones appear, or longer. 

ExaUiitJHinoM (seed) ; destitute of albumen ; p. 136, 
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Ex etrrent .■ mnniTig ont, ns when ft midKb projects beyond Uie apex of a leaf, 

or a tmnk U continaed to the very top of a tree. 
Eihalatiim, p. 156, 169. 

Eidyenaia Sewu, p. 150, Exogenous Plaals, p. 182. 
£io3tome ! tJie oritice in the outer coat of tiie ovule ; p. 13S. 
Erplanate ; epread or flattened ont 

EiTerUd: protruding oat of, as the glameuB oat of the corolla of fig. SOI. 
Erslfpalaie : destitale of stipules. 
Esira-aziliorg : said of a branch or bud a little out of tbe axit ; as the upper 

accessory bud* of the Bnlternat, p. 27, fig. 52. 
Extrdne : turned outwards ; the anther is cxtione when feslened to the filament 

on ihe side next the pistil, and opening on the outer aide, as iu Iiu ; p. 113. 

Fakale : scythe-shaped ; a flat bod; carved, its edges parallel. 

Family: p. 176. 

FarinaeeoM .■ mealy in texture. Fdriaaia : covered witli a mealy powder. 

FdKiate: banded ; also applied to monstroua Stems which grow flat. 

FdKide: a close cluster ; p. 83. 

FdtacUd, Fatctcalaled : growing in a handle or toft, as the leaves of Fine 
and Larch (fig. 139, 140), the roots of Pxonj and Dahlia, Ag. 60. 

Fail^iate .■ close, parallel, and npright, as the branches of Lombardy Poplar. 

.Faux. (plural, ^iic«s} : tbe throat of a calyx, corolla, &c.' 

FauAfaie, FdBOie ■■ honeycombed ; same as alamlaU. 

FtaCher-vdned .- where the veins of a leaf spring from along the sides of a mid- 
rib ; p. S7, fig. 86-94. 

Faaale (flowers) : with pistils and no stamens. 

FmeWraie.' pierced with one or more large holes, like windows. 

FemigineoM, or Fermginoia .- resembling iton.rast ; red-grayish. 

Fertile : fruit-bcnring, or capable of producing fruit; ako said of antheis when 
they produce good pollen. 

Ftrtilizaiion .' the process by which pollen causes the embryo to be formed. 

Fibre, p. 145. Fibmut; coDtainiag much fib[«, or composed of fibres. 

Fibrillcie: formed of small fibres. 

Fibrine, p. 165. 

F%ddle-»haptd ; obovate with a deep recess on each side. 

FOameal : the stalk of a stameo ; p. 36, fig. 1 TO, a ; also any slender lliitad- 
shaped appendage. 

Filam€iUa»e, or FOaJmntaia : bearing or formed of slender threads. 

FfUfima : thread-shaped ; bng, slender, and cylindrical. 

Fbabriale: fringed; famished with fringes (jfm6n'ce). 

fXstular ot Faiahse; hollow and cylindrical, as the leaves of the Onion. 

FhbeUiform or fhb^latt .- fan-shaped ; broad, rounded at the snmmit, and nar- 
rowed at the base. 

fUg^hte, or Flag^ijorm i long, narrow, and flexible, like the th<nig of a whip ; 
or like the nmners {JbigdliE) of the Strawberry. 

FVoitacent : yellowish, or turning yellow. 

HeAy ! composed of firm palp or flesh. 

FUAj PUaUi, p. 47. 
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Fl^nime, or FmaouM! bending g^llj in opposite directions, in a zigzng ivny. ' 

FJoaling .- awimming on the sarface of water. 

Fldcroie : composed, or bearing Infte, of woolij or long and soft hait^ 

Fioro (Ibe goddess of flowers): the plants of a country or district, taken 

together, or a work ajstemalicailj deaciibiog tbem ; p. 3. 
Floral; relating to the blossom. 
Fbral Enpdopa ; the le&<rea of the flower ; p. S5, 99. 
floret ; a dimtnntive flower; one of the flowers of a bead (or of tfae Mvealled 

compound Bower) of Compoelue, p. 106. 
FloiBo- : the whole organs of reprodnction of Fhtraogamotu pUata ; p. S4. 
Floae-^xad; an noopened flower. 

Flotemng Planla, p. 177. FlxneerUat PlanD, p. 173, 177. 
Faliitceoal : belonging to, or of the textnre or nntore of, a leaf (Jiitiam), 
FnUoit .- leafy ; abonnding in leaves. 
FaUataU ! relating to or bearing leaflets (Jbliola). 
FaUide: a simple pod, opening down the inner sntan; p. 131, ^. 303. 
FoltiexilaT : resembling or belonging to a follicle. 
Food of Plana, p. 160. 

Foramat .- a hole or orifice, as that of the ovale ; p. 1S3. 
Fornix ; little arched scales in the throat of some corollas, as of Comtrej, 
FiSmieaU : orer-arched, or arching over. 
Fiiveaie: deeply pitteX. FovAilalt: diminntive of^^Kmte. 
Free : not nnited witb any other parts of a different sort ; p. 103. 
Fringed : the margin beset with slender appendages, thistles, &c 
Frond .- what answers to leaves in Perns ; the stem aitd leaves fnsed into one 

body, as in Duckweed and many IJverworts, &c. 
Fttmdacaice .- die banting into leaC 

FmndoK: frond-bearing ; like a frond : or sometimes naed for leafy. 
Fn/difia^Uin .- the slats of fruiting. Organs of, p. 76. 
Fruit: tbo matnred ovary and all it contains or is connected wilhj p. 13S> 
Frat^Kent : somewhat ehrabby ; becoming a shmb [fiuler). 
FraHcatoae: like a Bmall shmb. Fridiaae: shrabby; p. 36. 
Fugaciota : lOon falling ofT or perishing. 
Fidvova: tawny; dull yellow with gray. 
Fanieatai: the stalk of a seed or ovnle ; p. 133. 
Fiouid-form, or Fumtd-ahoped : expanding gradually npwirdi, like a funnel 

or lannel ; p. 103. 
Fih-cate: forked. 

Farfardetoui: coveted with bnm-like fine scnrf. 
Furronxd! maiked by longitudinal channels or groovet. 
Faacoa* : deep gray-brown. 
F'i^Jorm : sjnndle-shaped ; p. 33. 

Odleale; shaped like a helmet (gatra) ; as the npper sepal of the Monkshood, 

Rg. 186, and the upper lip of the corolla of Dend-Ncttle, fig. 209. 
Gamr^lnlnas: of united petals ; same as monopelaloaa, anil a better word; p. 102. 
Gamoph^ota : formed of united leaves. GaawUp(^ia : formed of oniled sepals- 
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G^minaie: twin; in pairs; as tho flowers of Linnoai. 

Gemma: a, bud. 

Gemmation ; the stale of budding, or the arrangement of parts in (be bnd. . 

Gimnule ; a Bmall bud ; the buds of Mosses ; the plumule, p. 6. 

Gentcdate: bent abruptly, like a knee l^ienu), as manj stems. 

Genua: a kind ; a rank above speuies; p. 175, 176. 

Generic prunes, p. 178. Generic Cliarader, p. 181. 

Geographicai Botany: tlie study of pl.tnts iu tbelr geographical relations, p. 3. 

Germ: a growing point ; a yuiing liiid ; ramotiines the same as embryo; p. 136. 

Germen : the old name Ibc ovary. 

GenninaliDn : the development of a plantlet from the seed ; p. 5, 137. 

G^toiu ! more tamid at one place or on one side than the other. 

Glabrate: becoming glabrous with age, or almost glabroos. 

Gtabrous: smooth, i. e. having no hairs, bristles, or other pubescence. 

GladirOt; sword-ahaped ; as die leaves of Iris, fig. 134. 

Giands : small cellular organs which secrete oily or aromatic or other products : 
they ai« sometimes snnk in tiio leaves or rind, as in the Orange, PrickLy 
Ash, &c. ; sometimes on the surfucc as small projections ; sometimes raised 
on halls or bristles [glaadidar hairs, ^c), as in the Sweetbrier and Sun- 
dew. The name is al^o given to any small swellings, Slc., whether they 
secrete anything or not. 

Glandtdar, Glandutose: furnished with glands, or gland.like. 

Gtam ( Gland) : the acorn or most of Oak and similar fruits. 

Glaacescenl : slightly glaucous, or bluiali.gray. 

Ghucoat : covered with a bloom, viz. with a fine while powder that rubs off, lika 
that on a fresh plum, or a cabbage-leaf. 

Globose: spherical in form, or nearly so. GlObalar: nearly globose. 

Glockfdiale (lioirs or bristles): barbed; tipped with barbs, or with a double 
hooked point. 

Gldmerale : closely aggregated into a dense cluster. 

Glameriile: a dense head-like cluster; p. 83. 

Gtossolix/g : the department of Botany in which technical terms are explained. 

Gtumaceous : glmnc-like, or gluroe-bearlng. 

Glume : Glumes are the husks or floral coverings of Grasses, or, particularly, 
the outer husks or bracts of each splkelet. (Manual, p. 53S.) 

Glumella: the inner husks, or pales, of Grasses. 

Gluten : a vegetable product containing nitrogen ; p. 165. 

Gramdan composed of grains. Gramile! a small grain. 

Gnmrlh, p. 138. 

Grumoat or Gramoae : formed of cosrse cluslered grains. 

Giitiate .- spotted, as if by drops of something colored. 

GsTonoatrpoaa : naked-fruitcd. 

Gymnosp€iiJ>enis : naked-seeded; p. 121. 

Gymraapgrma, or Gipnaospermous Plants, p. 184 ; Manual, p. JCriiL 

Ggndndroas : with stamens borne on, i. e. united with, the pistil; p. Ill, fig. S36. 

GyruEcium : a name for the pistils of a flower taken altogether. 

a/Botose; a particular receptacle or support of the pistils, or of the carpels of 
8 compound ovary, as in Geranium, fig. 277, 278. 
19 
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Cfiio}Aort: a Btalk raisidg b pistil tUxsn the Btameni, u Id the Cleome Familj, 

p. 876. 
Gi/ralt: coiled in a cirele : tame Ri circinate. 
Gyrvte; Hrougtj bent M and fro. 

Eabil ! the general aspect of a plant, or its mode or growth. 

Habitat .' the situation in wbich a plant grows in a wild state. 

Ha!n: hur-like projections or appendages of the sarface of plants. 

Uairi/ .' beset with hairs, especially longish ones. 

Ualberdshaped, or Uaiberd-headed : see haetale. 

Halved: when appearing as if one half of the bod; nore cot awaj. 

Hamate or Hamtm : hooked ; the end of a slender body bent round. 

Hdmaioie! bearing a small hook ; a diminutive of the last 

HaiaU or HtulUt: shaped like a halberd ; furnished with a spreading lobe on 

each side at the base ; p. 59, fig. 97. 
Heart-ahaped : of Che shape of a heart as commonly painted ; p. t>S, fig. 90. 
HeaTt-uood: the older or matored wood of exogenous trees; p. 153. 
Hdicoid: coiled like a htUx or smul-shell. 

Hdmet: the upper sepal of Monkshood in this shape, lig. 189, &c. 
Htsmi- (in compounds from the Greek) : half; e. g. Haniaphencal, &c. 
HimieaTp: half-fruit, or one carpeLof an Umbelliferous plant. 
Hanampoas or Hemttropal (ovule or seed): nearly same as ain^iAilrapous, p. 133. 
Hepla- (in words of Greek origin): seven; as, 
Hfpldgiitaia : with seven pistils or styles, 

Hepldmeroat: its parte in sevens, S^dndrousi having seven stamens. 
Herb, p. 20. 

Herbaceous ; of the texturo of common herbage ; not woody ; p. 36. 
Serbarium! the botanist's arranged collection of dried plants; p. 201. 
Hermaphrodite (flower) : having both stamens and pistils in the same blossom ; 

same as perficl ; p. 89. 
HeCerocilrpaui : hearing fruit of two sorts or shapes, as in Ampfaicarpiea. 
HeitnSgamoia : bearing two or more sorts of flowers as to their stamens and 

pistils; as in Aster, Daisy, and Coreopsis. 
HdimmOrphoat : of two or more shapes. 

HeterOtropoia, or HeterOtrapot (ovale) : the same as amphitmpait ; p. 133. 
JSero- (in Greek compounds) ; six; as 

Baigonal! six-angled. Hei(^ynous: with six pistils or styles. 
Hexdmeroia: its parts in sixes. Hexdndroia: vrith six stamens. 
Hexdpterous: EiE-vringed. 
Hilar; belonging to the hilnm. 

Hilam: the scar of the seed; its place of attachment ; p. 123, 13S. 
Hippocr^pijbrm; horseshoe^haped. 
Hiraale: hwry with stiiSsh ot beard-like hairs. 

Eiapid; bristly; beset with stiff hairs. Hiapiduloia is a dtminntlFe of ic 
Hoary .- grayish-white ; see canestCTf, &c. 

^HoDn^BKKu : a head or cluster with flowers all of one kind, as in Enpatorloin. 
Hamogiaeoia: uniform innatnre; allofoue hind. 
HomomdUotit (leaves, &c,) ; originating all rotind a stem, but all bent or curred 

round Co one side. 
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HonuimdTjAoia : sll of one slupe. 

HortuiMipous or JIomiilTijpol (imbryo) : curved with the seed ; curred one w»j. 

Roixt ; same as hdmel or galta. Hooded : hood-shaped ; see cucullale. 

Hooked: same as hamate, 

Horn! a epur or Bome similar appendage. H<btu/: of Uia texture of horn. 

Hortiu Siccia: an horbiiriiiiD, or ooUcclion of dried plants ; p. 201. 

Hamifiae i spread OTer iho Surface of the gronnd. 

Hijallne .- transparent, or partlj so. 

Hybrid: a cross-breed between two allied epeciea. 

Hupacrat^ri/omi: salver-shapcd ; p. 101, fig. 202, 308, 

Jli/pa/iian : prodaced under ground. 

Hgpdgi/Boia: inserted under the pistil ; p. 103, fig. 212. 

Jconf lufruui .' having 12 or more stamens inserted on the calyz. 

^tbriaile, Imbriaaled, ImbricaiiBe: Overlapping one another, like tiles or ihinglM 
on a roof, as the scales of (he involucro of Zinnia, &c., or the bad-scales of 
Horgechesnnt (fig. 48) and Hickory (fig. 49). In Kstivation, whcra some 
leaves of the cal/x or corolla are overlapped on both sides by others; p. 109. 

/nuuurjinate -■ dcstitnie of a rim ot border. 

Immeraed: growing; wholly under water. 

LBpan-pinnaie : pinnate with a single leaflet at the apex ; p. 65, fig. 126. 

Imperfect flowers: wanting either starocnj Or pistils; p. 89. 

Irueqaitaleral ! unequal-sided, as the leaf of a B^ionio. 

ihcanoui.- boary with white pubescence. 

lacised: cat rather deeply and irregularly ; p. 62. 

Induded: enclosed ; when the part in question does not project beyond another. 

Lvxmplete Flower: wanting calyx or corolla; p. 90. 

Jncnaaaled ! thickened . 

£>i:uinienl.- leaning or resting upon ; the cotyledons are incumbent when the 
back of one of them lies against the radicle; the anthers are incnmbent 
when ttimed or looking inwards, p. 113. 

Intxirved; gradually curving inwards. 

iidejinite: not unifonn in number, or too numerous to mention (over IS). 

Tndejiiiite or ladeterminale In/bireicence : p. 77. 

InddhiscenI: not splitting Open; L e. not dehiscent; p. 12T. 

IndCgeaous: native to the country. 
' ladioidaals: p. 173. 

ladilplicale: with the edges turned inwards; p. 109. 

Indutiam .- the shield or covering of a fruit-dot of a Fern. (Mumal, p. SSS.) 

Inferior: growing below some other organ; p. 104, 121. 

Inflated: turgid and bladdety. 

Inflexed: bent inwards. 

hfloreacence : the arrangement of flowers on the stem ; p. TG. 

htfra-axiUfay : situated beneath the axil. 

Infundtbuli/brm or InfandSmlar : funnel-shaped ; p. 102, lig. 199. - 

Innate (anther) : attached by its base to the very apex of the filament; p. 113. 

Linovalion : an incomplete young shoot, especially in Uosses. 

laorgmtic ComtitaenU, p. 160. 
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Katrtioin the place or Iha mode of attachment of an orgui to its Eopiicn; p, Tt. 

iHUnxUahr Pauoga or Spaa$, p. 143, fig. 341. 

Jnftmix'e.- the put of a stem betveeu two nodes ; p. 49. 

InUrrupUdig pimale: pinnate with small leaflets intennixed with larger onu, 

■■ in Water Avens. 
Litrttfiiliaceoat (sdpalea, &c,) : placed between the leaf or petiole and ihe elem. 
latmrae: turned or facing inwards, i. e. towarda tba axis of Ihe flower; p. 113. 
Incene or Iiwavd: where the apex ia in the direction oppoaile to that of the 

organ it is compared with. 
Involucei: a partial or smalt invotncre ; p. B1. 
Incot^DdloU: fm-niahcd with an involucei. 
lavobicTtae: furnished with an involacie. 

tnvolncrr r a whorl or set of brads aroand a Sower, ombel, or bead ; p. 79. 
Involutt, in TermUion, p. 76 : loUed inmidi &om the edges. 
brtgidar Flmem, p. 91. 

Jtiiied! separata oT eep«rable at one or mora places into [oeces ; p. 64, kc. 

Ked: a projecting ridge on a snrfficc, like the keel of a lioat; the two anterior 

petals of a papilionaceous corolla ; p. 105, fig. 21 7, 31S, k. 
Kedtd: famished with a keel or sharp tongimdinal ridge. 
Ktrad of the ovule and seed, p. 122, 136. 
Kidaai-thaped! resemljling the outlino of a kidney ; p. &9, fig. 100. 

Labium! the odd petal in the Orchis Family. 
Labiate! tamo as biliJ«aiB or tvo-lipped ; p. 105. 
Zadaiate: slashed; cut into deep narrow lobes (called faanra). 
Lacttaant: prodncing- milky Juice, as does the Milkweed, &c. 
Zdcuniae r full of holes or gaps. 
Zavigaie; smooth as if polished. 

Ldmdlar or Lamellate : consisting of flat platea {lamdliB), 
Ldmina : a plate or bhtdo : the blade of a leaf, &c., p. M. 
Laaate ; voolly ; clothed with long and soft entangled hairs. 
Lanetolait : lance-shaped ; p. 58, fig- 86. 
Lanuginoai: cottony or woolly. 

Lalenl buds : concealed or undeveloped bttds ; p. 36, 97. 
Lateral .- belonging to the side. 
Later: the milky jnice, &c. of plants. 
Lax: loose in texture, or spaive ; the opposite of crowded. 
'■-'■ p. 49. Leafbuda. p. 30, 27. 

I: one of the divisions or blades of a compooDil leaf; p. 64. 

-Jce: same OB faliaceous. 

■ry ! of about the consistence of leather ; coriaceous. 

:t! a simple pod, dehiscent into two pieces, like that of the Pea, p. 131, 

5,303; the frail of the Pea Family {Legiuaituaa), of whatever shape. 

UK, p. 16S. 

iimiis; belonging to legnmes, or 10 the Legnminona Family. 

ilari Icns^hapcd; i. e. flattish and conveit on both aidet. 
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L^pidola : leproos ; oorered with tcartj ta&vt. 

Ijbtr: the inner, fibroQB bark of Eicogenoas plants ; p. 1S2. 

lAgneota, or Lignosei woody in textnre. 

LiffuJate: farnishcd with B ligolB ; p. 106. 

Ligule: the strap-shnped corolla in manj- Compositae, p. 106, fig. 220; ttie 

liule membranoos appendage at die sammit of the leaf-shealhs of mort 

Grosses. 
Limb; the Wade ot s leaf, petal, fie. ; p. 54, 102. 
Linear ; narrow and flat, the margiOB parallel ; p. 58, flg. 85. 
Llntate: mu-ked with parallel line*. Limolate: marked witli nAiitte UnM. 
Llngulale, Lingui/brm : lOBgne-shaped. 
Lip: the principal lobes of a bilabiate coroQa or calyx, p. 105 ; At odd and 

pecnfiar petal la flie Orchis FamH;'. 
LoU: any projection oFdiTisioa (especially a rounded one) ofale*^ Ce. 
LociSttt (plnral hc^i) : a small cell, or compartment of a cell, of an otvrf ta 

Ldcvian relating to tba cell or compartment (&ciJu») of an oraiy, &c. 
Loculiddal (dehiscence) : splittii^ down throogh the middle of the bade of eadi 

cell ; p. 132, fig. 305. 
Locitla ! a name for the spikelet of Grasses. 

Lamenl! apod which separates transTErsely intojdnU; p. 131, Sf. 30C 
Lomaitdctoat: pertaining to or t«seinbling a lament. 
Zitfmte.' thong-shaped. 

Innate: crescent-Ehaped. Zunubte; dimfamtiTe of ZunotK 
I^rate : lyre-shaped ; a pinnatifid leaf of an oborate or ipMnlats fflttlin^ tbo 

end-lobe large and ronndish, and As lower lobe« imall, n in 'WinHc> 

Cress and Badieh, fig. 59. 

Mace ; the aril of the Nntmeg ; p. 135. 

Mdaihle: spotted or blotched. 

Midi (flowers) : having stamens htd do [&tiL 

MdmiBOK: breast-shaped. 

Mamaeatt : withering without ftJltag df 

Hargirtid! belonging to the edge or margin. 

Marginate : margined, with an edge difl^rent &om flie rett. 

Matlcedi see penonate. 

Median ; belonging to the middle. 

Meduilari/: belonging to, or of the natmv of pith (meiAiUa),' pitbj. 

Mediillaiy Ragm the silver-grain of wood; p. 151. 

Medullary Shealk : a set of dncts jost around the piA ; p. 151. 

Membranaceous or M^mbranoas: of the teztnre of membrane; thlnradmonep 

. less translucent. 
Mentacoid; crescent-shaped. 

M^icarp.- one carpel of the fruit of an TTmbelliferotis plant 
AkrisBiatic .- separating into parts by the (brmadon of partitiotu wIlliiD. 

iteocaip; the middle part of apericarp, when di] " ' 

layers; p. 128. 
Maophlaiaa; the middle or green baA. 
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MeniyU: the doaed orifice of the teed ; p. 135. , 

ifirfni.' the middleornuuaribof BleaT; p. 55. ^ 

MiUc-VtaeU.-p.Ua. 

Minialt; Termilioii-colored. 

MUrifonK .■ milr&ahaped i in the form of a peaked txf. 

MonaMpiuiit : »ttuneiu anited by their Glameiits into ooe set; p. 111. 

Mondiulniu (flower) : having onlf ooe Btamen ; p. 113. 

Man^ijbrm i necklace-sbaped ; > cjlindrical body contracted at iatemtli. 

MoimAIani^dioa$ ! hanng only one floral envelope, i. e. calyx bat no corolla, t» 

Anemooe, flg. 179, and Caalor-oil FUut, fig. 178. 
MoaeaitglAioitaiu (embiyo) : with only one cotyledon ; p. 16, 137. 
MiiK>cDQrM"iou> PlaiiU, p. 150, 19a. 

Monadont, or Umokout (flower) : having ttament or pistils only ; p. 90. 
M<mdg!pteat (flower): having only one pistil, or one style ; p. IIG- 
Mamptlalmit (flower) : with the corolla of one piece ; p. 101 . 
ifawphfUoiu : ons-teaved, or of one piece j p. loa. 
liaioi^tDm! « calyx of one piece; i. e. with the sepals united into one body; 

p. 101. 
i^motptnaoat ! one^seded. 

MimitroiUg : an unnatural de^Ukin from the nsoal stmctnre or form. 
ifajJielogg ! the d^iartment of botany which beats oflhefbmu which an organ 

(say a leaf) may assnme ; p. aS. 
Miiavnatt! tipped with an ^trapt short point (nuero); p. 60, flg. 111. 
Macniaiikte : tipped with a minute abrupt point ; a diminutive of the last. 
Maili; in composition : many ; u 

Mallangular; many-angled. Midlic^ilal! manj-headed, &c. 
MMfarioat: m many rows or nuks. MiStifid: ntanynileft; p. 62. 
MiJlUdcidar: many-celled. MvUuAiai: inmanyroira. 
Midtipk Fhiia, p. 133. 
Mincale : beset with short and hard points. 
JUMJbrvt .' wall-like ; resembling courses of bricks in a wall. 
Miucoltigg ! the part of descriptive botany which treats of Afosses (i. e. i&ta). 
JUiBkxru .' pointless ; beardless ; unarmed. 

Mgcitiim: the spawn of Fnn^; i. e. the filaments ftom which Uoshrooms, &«. 
ori^nate. 

Ndpijarm; tunip-ehaped ; p. 31, fig. 57. 

Natural i^item: p. 195. 

Nataralical: introdnced from a fweign country, bat growing perfectly wild and 

propagating freely by seed. 
NaiifcahT! boatghaped, like the glumes of most Grasses. 
XecUact^^i^ied: looking like a string of beads ; see moniliform. 
Nectar .- the honey, &c. secreted by glands, or by any part of the corolla. 
NeOarifenxu : honey-bearing ; or having a nectary. 
Nedargi the old name for petab and other pamof the Bower when of unusual 

shape, especially when honey-bearing. So the hollow spnr-ahaped petals of 

Columlnne were called nectoiies ; also the curious long-clawed petals of 

Monkshood, flg, 1S6, &c. 
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Ntedle^haped : long, slender, and rigid, like the leaves of Pines ; p. 68, fig. 140. 
Nfme: a namo for the ribs or vtiiw of leaves, when simple and parallel ; p. 56. 
Nemed: fumisiied n'ith nervcB.orsiniplo and parallel fib^ orveins; p. 56, fig. Bl. 
Netlal-neiiied : furniahod willi brandling veins forming network; p. 56, fig. 83. 
J^xlding (In Latin form, NaliM) : bending so tliut tin: sniiiinit hangs downward. 
Node : a knot ; tlie " joints " of a stem, or tlie part whence a leaf or a pair of 

leaves springs ; p. 40. 
Ntkiaae; knotty or knobby. Nikiulose; furnished with little knobs or knots. 
yormal .- according to rule ; the pattern or natural way according to Bomfe law. 
Notale: marited with spots or lines of a different color. 
Nttcamatlaceaus : relating to or resembling a small nut. 
N^ifirm: nut-shaped or nnt-ljko. Nikulf : a small nnt. 
NucUas; the kernel of an ovule (p. 12S) or Boed (p. 136) of a cell ; 'p. 140. 
Nal: a. haul, mostly one-seeded indehiscent fruit; aa a chestnnt, bnttemat, 

acorn; p. 130, fig. 299. 
Nulla : a little nut ; or the stone of a drupe. 

Ob- (meaning over against) : when prefixed to words, signifies inversion ; as, ' 

Obcomprasfd : flattened the opposite of the usual way. 

Obctlrdale; heart-shaped with the broad and notched end at the apex instead of 

the base; p. 60, fig. 109. 
OUdnceBhie: lancc-shapcd with the tapering point downwards ; p. 5B, fig. 91. 
Obtiijiifi applied to leaves, &c, means aneqaal-sidcd. 
Obtoag: from two to four times as long as broad, and more or leas ellipticlll 

inontIin3; p. 58, fig. 87. 
Ob/icate: inversely ovate, the broad end npward ; p. 58, fig. 93. 
Obtuse! blunt, or roand at the end ; p. 60, fig. 105. 
Obverse : samo as I'nuerae. 
ObeoliUe (in the bud) ; when the margins of one leaf alternately overlap those of 

Ihe opposite one. 
Ochreale: furnished with ochna (boots), or stipnies in the form of sheaths ; m 

in Polygonum, p. 69, fig. 137. 
OdmUAMOS! yellowish-white; dull cream-color. 
Oclo-, eight, enters into the composition of 
Ocliij^BOia 1 with eight pistils or styles. 

Oeldmerom : its pans in eights. Octdodroas : with eight stamens, &c. 
Offset: short branches next the ground which take root ; p. 36. 
One-rAW, Oiu^aetred, &c. : furnished with only a single rib, &c., &c. 
Opaqae, applied to a surface, means dull, not siiintng. 

0/«'rettiiM: furnished with a lid or cover [operculum), as the capsnles of Mosses. 
Opposite : said of leaves and branches when on opposite sides of tho stem from 

each other (i. c. in pairs) ; p. 23, 71. Stamens are opposite the petals, &c. 

when they stand before them. 
Oiifciilar, OMciiiaie: circular in outline or nearly so; p. 68. 
Organ: any member of the plant, as a leaf, a stamen, &c.; p. I. 
Organs of Vegetation, p. 7 ; of Reprodaction, p. 77. 
Orgatiiixd, Organic: p. 1, 158, 159, 162. _ 

Organic Constitaadf, p. 160. Organic Structure, p. 142. 
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OrihiSiTopoua or Orlhtitropal (ovnlo or seed) ; p. 12S, 135, flg. 870, 2T<. 
Osieaat: of a bony texture. 
Oi-al: broadly cllLptJcal; p. 88. 

Otvr^i that part of the pistil containing the ovnles or fiitiire seeds; p. S6, 116. 
Ooate ^ shaped like an egg with tijo bronder end downwurda, ur, in plane sur- 
faces, such B8 loaves, like the section of an egg Uugtbwise ; p. 58, fig. 89. 
Ocoid ; ovat« or oval in a solid form. 
6cule.- the body whieh is destined to become a seed; p. 86, 116, IS3. 

Paka iplultl palae) : chaff; the inner husks of Grasses ; the chsfF or bracts oa 
the receptacle of many Compositse, as Coreopsis, fig. S20, and Sunflower. 

Paltmxoai : faroished with chaJT, or chaffy in texture. 

Paleiate : when leaflets ur the divisions of a leaf all spread from the apex of tho 
petiole, like Iho hand witb tbc outspread fingers ; p. 167, fig. 129, &c. 

Patmaldy (veined, lohcd, &c.) ; in a palmate manner; p. 57, 63, 65. 

Paadthlfirot: fiddle-shaped (which see). 

Pdaicle: an open cluster; like a raceme, hot more or less compound; p. SI. 
' fig. 163. 

Fanided, Puniealali : arranged in panicles, or like a panicle. 

Papery : of about the consistence of letter-paper. 
. PqpiYioHoceows ; buiterflj-shapcd ; applied 10 such a, corolla as thai of tho Pea 
and tho Locnst^4ree; p. 105, 6g. SIT. 

PapSia (pinral papilla:) : little nipple-shaped protnberancea. 

Populate, PapOUat .- covered with papillie, 

Pappaa: thistle-dowD. The down crowning the achcninm of the Thistle, and 
other Compositte, tepresents the calyx ; so the eeales, teeth, chaff, as well 
■s bristles, or whatever takes tlie place of the ealyx in this fiuuily, ore called 
thepappm; lig. 393-396, p. 130. 

Ptsmtlei-Mmtd, or aemat (leaves) : p. 55, 56. 

Par^ihysfs .- jointed filaments mixed with the antheridia of Mosses. (Manual, 
p. 607.) 

Par^tdiyaia : soft ccllntor tissae of plants, like the green pulp of leaves. 

Pmietal (placentie, &c.) : attached tu tbc walls (parieles) of tho ovury or peri- 
carp; p. 119, 120. 

Parted: separated or clefV into parts almost (o the base ; p. 62, 

Fariial inmlueTv, same as an ini-ofucef : ptniial peiicle, a division of a ibiun leaf- 
stalk or the stalk of a leaflet : partial peduncle, a branch of a [ledunele : por- 
lial umbd, an ombellet, p. 81, 

Patent : spreading ; open. Paiidoai : Bioderatety spreading. 

Pond-, in composition : few ; as paaciftoroas, lew-flowered, &c. 

Ptor-Aaped: solid obovate, the shape of a pear. 

P^inaCe: pinnatifid or pinnately divided into narrow and close divisioits, lika 
the teelh of a comb. 

Pedate : like a bird's [bot ; palmate or palioately cleft, with the side diviMona 
again cleft, as in Viola pedeta, &c. 

Pedalely chjl, lobed, &e. : cut in a pedate way. 

Pidled: the stalk of each particular (lower of a cluster; p. 78, fig. 15G. 

Pidic^iite, PidkeUed: furnished with a pedicel. 
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PediBKie : a flower-stalk, vbelher of a. tingle flower W of & flowar^tngler ; p. 7ff. 

Pidundtd, PaiiHCulate : famished with a peduncle. 

Pebate! Bhield-ohaped : aaid of a leaf, whatover its >bape, when the petiol« is 

attached to the lowetsido, somewhere within the margin; p. 59, fig. 102, ITS. 
Pendent : bADging. Pendaloia : aomewh&t hanging or droopiog. 
Penteiilale : tipped with a tuft of Gne hain, like a punter's pencil ; u Oe itig- 

Hia> <^ some Grasses. 
PcnCo- (in words of Greek compoeititHi) : Sre ; as 
Penldgynoug : with fisa pistUs or styles ; p. 116. 
Pentdmeroaa : with Its parts in fires, or on the plan of flve. 
Pentdndroia : having Gve Btamens ; p. 112. Pentdatiduna : la ffreraoki. 
Pfpo : a Iriiit like the Melon and Cacmnber ; p. 1 SB. 
Peraumd : lasting fcom jmr to jeor ; p. II . 
Perfia (flower) ; having both stamens and pistils ; p. 89. 
Per/dtiate : passing through the leaf) in appearance ; p. 67, Itg. 131, 131. 
P&fomie ; pietced with holes, or with b^jisparaut dots resembling' holes, as aa 

Orange-lea£ 
P^antk ! the leaves of the flower generally, especially when we eannoC nadSx 

distinguish them into calyx and corolla; p. 85. 
PAicarp ; the ripened ovary ; the walla of the fruit ; p. 12?. 
Pericdrpic .- belonging to the pericarp. 

P^ncheA: the cluster of pecnfiar leaTOs at Ae bMA of^lie &iiit«talk of Mossei. 
Perkhottial : betonging to the pericbsth. 
Ptri^nimn, Perigdnt; same asjMnonli. 
Periggaium i bodies around the pistil ; applied tt ' ' ~ 

body which encloses the ovary of Sedges, and U 

&c. of the Bowers of some other Cyperacen. 
Ferigynout: llie petab aad sttuneiis bMaeon the ealyx; p. 104, III. 
Per^iheric : around the outside. Or periphery, of any organ. 
P^riafitm: aaamefortbe albnmen of a seed (p. 136). 
PAitlome 1 the fringe of teeth, fcc around the orffice of tho capsnla of Mosns. 

(Manual, p. 607.) 
Pertblait : remaining beyond the period when such ptott commonly foil, aa the 

leavei of evergieeos, uid the calyx, fto. of such flowen as ronain during 

the growth of the fmiL 
Pinoaate: masked; a bilaUale corolla witb a projection, (wpdAife, in th» dimal, 

as of the Snapdragon ; p. 106, fig. 310, Sit. 
PeuA: a leaf of the coralla; p. 89. 
Pelaioid : petal-like ; resembling or colored like petals. 
PeioU.- a footstalk of* leaf; a leafetsilk, p. 94. 
Petiakd, Petiolate: furnished with a petiole. 

PttMii^m: aaid of a leaflet when itisod on its own par^ I«afttalk. 
PitEndgamoas, or Phaaertlffamoia ; plants bearing flowers and prodnc&ig seeds ;. 

same as Flowering Plants; p. 177, 182. 
Ph/llvdium (plural pH^Uedia) : a leaf ^ete Ab Made is a dUsted petiole, a* hi 

New Holland Acacias ; p. 69. 
Phfilotdxia, or Phglloiaxi/ : the arrangeaieat of kmes on the stem ; p. 71. 
Phf/titiigkal Bm«9, fijmsitKK, p. & 
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PHytm .■ a name nsed to deeignate the pieces which by their repetition make up 

ft plant, theoretically, ra. ft joint of stem with its leof or pair of leares. 
PSiftroia : bearing a elender brietle or hair {pilum), or bc«et with haira. 
PlJOM .' hairf \ clothed with soft slender hairs. 
Pinna .■ a pcimaij branch of the petiole of a Upionate or tripinnate leaf, as fig. 

130, p. S6. 
PinaaU: a secondaiybranchof the petiole of abipinnate or tripinnate leaf; p. 66. 
POmau (leaf) : when the teaOeta ara ananged along the sides of a conunoo pe- 
tiole; p. 65, fig. 136-138. 

tjt, parted, dividid, SiC., p. 63. 

w pinnalelj cleft ; p. 63, fig. 119. 
earing organ of the flower; p. 86, 116. 
body which in Mossea, Idierworts, &e. aiuwers to the piislil. 
£.79,80. 

rcen(i« of an Bxi^enons Btem; p. ISO, 151. 
nail depressions or pita on the surface, ae many seeds. 
rface or part of the ovary to which the ovnlea are attacbed ; 

Id) ; p. 76, flg. 150 ; p. 110, fig. 225. 

plaittd. 

y; wliet^any slender body (sncb as a bristle of a pappna) ia 

tirs along its sidea, like the plomeaor the beaid on a feather. 

le bud or first shoot of a genninating plantkt abore the co^le- 

Bg. 5 ; p. 137. 

iition : many or seTeral ; ea 

th several leaflets ; p. 66. 

l^;aine, p. 131 ; alao applied to anj sort of c^snle. 

rtalkofaseed. 

is of any pointed tip, sncb as a nuHm, aam, acvmination, Sx. 

iring powder of the anther ; p. 86, 1 U. 

ilied to the pollen when the graina all cohere into a mass, as in 

id Orchis. 

ind words of Greek origin) : same aa miiiti- in those of Latin 

aving the atamena nnited by their filaments into several biut- 

ih nnmerona (more than 20) atamens (inserted on the recep- 
12. 
having many (more than two) cotyledons, as Pines; p. 17, 
46. 

ing some perfeet and some sepinted Sowers, on tba same or on 
ividuaJs, as the Bed Maple. 
r-angled. 

I many pistils or slylea ; p. 116. 
ned of manyparta of each set. 
f several or varying forms. 
len the petals are distinct or separate (whether few or msoy) ; 
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Pdyph^out! msny-leared ; formed of lereral diatiiict piecM, u the caljx of 

Sedam, Hg. 16S, Flax, fig. IT4, &c 
Pati/a^paloiia : same as the last when applied to tbe calyx ; p. 103. 
Palgsp^moas: many-seeded. 

Pmat! the apple, pear, and gimilar fleshy fntilg ; p. 128. 
Ponttts: full of holes oi pores. 

PoaA ! the silicle or short pod, ae of Shepherd's Parse ; p. 133. 
Pr^ftoralion : same as lEsd'ntfi'im ; p. lOS. 
Preefiiloliim: same as vemation ; p. 75. 
Pramarst : ending abmpdy, as if bitten off. 

Priddet : sharp eleratioas of the bark, coming oS with it, as of the Bose ; p. 39. 
Prlcldji : beaiiiig prickles, or sharp projectionB like tbem. 
PrCmme: the outer coat of tho covering of the ovule ; p. 124. 
Primdrdial : earliest formed ; primordial leaves are the first after the cotyledons. 
PrismiltK : prism-shaped ; having three or more angles bounding flat or holloired 

Pmceu: any projection from the surface or edge of a body. 

Procambeal : trailing; on the ground ; p. 37. 

Produced .• extended or pn>jecting, as the upper sepal of a Larkspur is pndnced 

above into a spur ; p. 91, fig. 1S3. 
PrUlftTOta (literally, bearing oB^pring) : where a new branch rise* from tn 

older one, or one bead or cluster of Boven out of another, as in Filago 

Germanics, &c. 
PnxlTate ; lying flat on the gronnd. 
PnHane: a vegetable product containing nitrogen ; p. 16G. 
PnUoplaim: the soft nitrogeuous lining or contents of cells ; p. 166. 
Pniimat, PruiHOte : frostedj covered witli a powder like boor-frost. 
PtA&uUnt ; covered with fine and short, almost imperceptible down. 
PttbAcenl! haiiy or downy, especially with fine and soft hairs ot pubeacatce. 
Pidv^r^ea, or Pidveraeeoia : dusted j covered with fine powder, or what looks 

like such. 
P£einait ; cushioned, or shaped like a cushion. 
Punctate : dotted, either with minute boles or what look as such (as the leaves of 

St. John's-wort and the Orange), or with minute projecting dots. 
PangeiU : veiy hard, and sharp-pointed j prickly-pointed. 
Pufifnun.- the stone of a drupe, or the shell of a nnt; p. 128. 
Pgramidiil : shaped like a pyramid. 

Pfr^te, PgT€na .- a seed-like nutlet or stone of a small dnpe. 
P^zts.i^i^iuin.' a pod opening round horitonlaUy by a lid ; p. 133,fig. !98,3Lt. 

Qaadri-, in words of Latin origin : four ; as 

Quadrdngular : four-angled. QaadriJUiate : foor-leavcd. 

Qiufdrifid: four-cleft; p. 62. 

QtiaWmalt : in fours. Qainate : in fives. 

Cbdacuacial : in a quincnnx ; when the parts in testivatiou are fire, two of them 

outside, two inside, and one half out and half in, as shown in the calyx, 

ag. 224. 
^iMupU: five-fold. 
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Eaet! B mAtfced rtiietf wbidi nuq' b« perpetuated from Med ; p. 174. 

Eaceme .' ft floweMilnsur, with oae-Sowered pedicels amiiged. along the lideB of 

a general pedDDcle ; p. 78, 9g. 156. 
ibKHnou .' bearing racemes, or raceme-like. 

Bachis : see rkadiu. 

Badial ! belonging to the ra^. 

Radiate, or Radiant! fumiahed wilh raj-florrcts ; p. 107. 

Rddiad i belonging lo the root, or apparently coming from the rooC 

Rddicant : toodng, taking root on or aboTe the groond, like the stems (tf Trntu- 

pet-Crccper and PoisoD-Ivj. 
RddieeU .■ little roots or rootlets. 
Radicle : the slem-part of the embryo, the lower end of which fiiims the root ; p. 

S, fig. 4, &c. ; p. 137. 
AmKoI.' belonging to a branch. Ramoie; fiiU of braschei (roni). 
Bdmaloie: full of bianchteu (rainuJi). 
Raphe: see rhaplie. 
Bail: the marginal flowers of a head (asof Coteofjeis, p. 107, fig. 319) or clwtev 

(as of Hydrangea, fig. 167), when different from the rest, especially when 

lignlate, and diverging (like rays or Bunbeama) ; the bisnches of on umbel, 

which diTErge from a centre; p. 79- 
Beceptade: die axis or support of a flower; p. B6, 124 ; the eemBUia axis or 

support of a head of flowers ; fig. 330. 
Redined : tamed or carved downwards ; nearly recumbent. 
Becuroed: curved outwards or backwards. 

Redvplicale (in Kstivation) ; valvate with the marpns turned ontwarda, p. lOft, 
Reflexed : bent outwards or backwards. 
Refracted : bent snddenly, so as to appear htt&en at the bend. 
RegtJar: all the parts similar; p. 8!L 
Rinl/orm: kidney«hspeA ; p. &3, fig. lOO. 
Rtpdnd; wary-manned ; p. 62, fig. 115. 
B^pent ! creeping, i. e. proEtrate and rooting Dndcmcalb. 
Rgptum : the persistent fntme of some pods (aa of Prickly Poppy and Cress), 

after the valves foil away. 
Reproduction, organs of; all that pertains to the flower and fruit; p. 76. 
Resiipinale: inverted. Or appearing as if upside down, or revcrsed- 
Bdicuhted: the veins forming; network, as in fig. 50, 83, 
Retrofteied: bent backwards ; same aa reflexed. 
Betiiae! blunted; the apez not only obtase, but somewhat indented; p. 64^ 

fig. 107. 
BAxilule: lolled backwards, as the margins of many leaves; p. 76. 
Rhachie (Che backbone) : the axis of a spike, or other body ; p. 78. 
Maphe: the continuation of the sccd-sCatk along the side of an anatropons OTtds 

(p. 123) or seed ; fig. 273, r, 319 and 320, *. 
BAdphida: Crystals, especially needle-shaped ones, in the tissues of plants. 
Rhiiama : a roolalock ; p. 40, fig. 64 - 67. 

Bhombic ; in the shape of a rhomb. BhonJadal : approaching that shape. 
Rib : the principal piece, or one of |he principal pieces, of the framework of m 

leaf, p. 55 i or any similar elevated line along a body. 
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Eing : an elastic band on the spore-easeB of Fenu. (Uannal, p. 687, plate 9, 

fig. 2, 3.) 
Rfngent: grinning; gaping open; p. 102, fig. 209. 
Boot, p. 28. ^ 

Root-hairs, p. 31, 149. 

liooltds : eiDuU roots, or root-branches ; p. S9. 

lioolslock ! root-like trunks or portions of sienu on or aoder gtoimd ; p. 40. 
Rosaceoia : arranged like the petals of a rose. 
Bat^Uate ! bearing a small beak (rMlcUuni). 
B6straie .- bearing a beak [rostrum) or a prolonged appendage. 
BOfulole : in a regular cluster of spreading leaves, TMembliog a fiill or doable 

rose, OS the leaves of Bonaeleek, &c. 
Batale ; wheel-shaped : p. 101, fig. S04, 205. 
RatHid : rounded or roandish in outline. 

Rudimentary : imperfeeily developed, or in an early state of development. 
RiigiKc: >vrinkled, roughened with wrinkles. 
R^miiuiled (albumen) ; penetrated with irregular channels or portions filled iritli 

softer matter, as a nutmeg. 
Rincinale : coarsely saw-toothed or cut, the pointed teeth turned towards the 

base of the tcof, aa the leaf of a Dandelion. 
Sunmr : a slender and prostrate branch, rooting at ttke end, oi at (he jointly «■ 

of a Strawberry, p. 38. 

Sac ! any closed membrane, or a deep ptUM^haped cavity. 

SdgitttUe : arrowhead-shaped ; p. S9, lig. 95. 

Salver-^aprd, or Si^ver-_fiinn ; with a border spreading at right angles to a Blen- 
der tube, as the corolla of Phlox, p. I01,fig. 208, 202. 

Samdra; a wing-fruit,orkey, asof Maple, p. Q, flg. 1, Ash, p. 131, fig. 300, Mul 
Elm, fig. 301. 

Sdmaroid: like a samara or key-fruit. 

Sap: the juices of plants generally. Amending or crude »tp; p. 161, 168. 
Elaborated sap, that which has been digested or assimilated by tiie plant; 
p. 162, 169. 

Sdrcocarp ; the fieshy part of a stone-fruit, p. 138. 

Sawaaitdoeeia .- bearing long and flexibly twig* (mnaenl*), either ipceading oc 
procumbent. 

Saar-toothed : sea lerrate. 

Satbrout : rough or harsh to the touch. 

iSco/ilrj/iirm .- with cross-bonds, resembling the step* of a ladder. 

Scaka: of buds, p. 32, 50; of bulbs, &c., p. 40, 46, SO. 

Scaly I furnished with, scales, or Bcale.like in texture ; p, 46, && 

Sca-ndetit: climbing; p. 37. 

Scai<t : a peduncle rising from the ground, or near it, as of tlis stemlesa Videb, 
the Bloodroot, &c. 

Scdpiform : scape-Uke. 

Scar of the seed, p, 135. Ltaf-ican, p. 21. 

Scdriaus or Scarioae ; thin, dry, and membrauoos. 

Salbi/arm : lesembliug sawdust. 
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Scdrpioid or Scorphidal : cnrred or rircinate at the end, like the Uil of a scor- 
pion, as the intlore»ccnce of Heliotrope. 
Scnbteiilate ■■ pitted ; escavatciJ into shallow pits. 
Scarf, ScurJiHeis : minute «cales OD tiie Eurfuce of many leaves, u of Groosefool, 

Buffalo-bcny, &c. 
SoUate : biickler.sha|)eil. 

Scaltilale, Or Scuiillifocm : eauoer-shaped or plaller-ghaped. 
Sicmd: onesided ; i, e. where Bowers, leavei, &c. are all himed to ooo Ride. 
Seaindine: the inner eoat of the ovule; p. 134. 
Seed, p. 134. Sted<aait, p. 134. Seed-eetsei, p. 127. 
Segment : a Bulldiviaion or lobe of any cleft body. 
S^rtgale i separated from each other. 
Semi- (in coinpotiDd words of Latin origin) : half; as 
Semi-adhertnt, as the calyx or oraiy of Purslane, fig. SI4. Semiamlale t half- 

heart-ihaped. Sanilunar! like a balf-moon. Semiovalei lialf-oyata, &c. 
Senanai ■■ relating to the seed. Seminf/ennit ; seed-bearing. 
SoHpirvirenl: evergreen. 
Septd: a leaf or division of the calyx; p. 85. 
S^paloid : sepal-like. Sepaline ; relating to the sepals. 
Separated Flmcen .- those having stamens or pistils only ; p. B9. 
Septate: divided by partitions [septa). 
S^plenate : with parts in sevens. 
Septicfdal: where a pod in dehiscence splits through the partitions, diTiding > 

eadi into two layers ; p. 132, fig. 306. 
StpH/eroua : bearing the partition. 
Septtfragcd: where the valves of a pod in dehiscence bieak away &om the par- 

titioDs ; p. 133. 
Septam (ploral lepla) : a partition, as of a pod, &c 
Sfrio/, or Seriatt: in rows ; as biserial, in two rows, &c. 
Sericeoia : silky ; clothed with satiny pubescence. 
Senkinoat i happening late in the season. 
SenxUe, or Smattd; the mai^ cat into teeth (teratant) pointiiig forwards ; 

p. 61, fig. 112. 
S^rnJate : same as the last, but with fine teeth. 
Semik: silting ; without any stalk, as a leaf destitute of petiole, or an anthw 

des^tute of filament. 
Sda : a bristle, or a slender body or appendage resembling a bristle. 
Sddceeiu; bristle-like. Saijbrm: bristl&shaped. 
&agerou$ : bearing bristles. Setose : beset with bristles or bristly hairs. 
1^-- six; in composition. Seiangvlar : six-angled, &c. 
Sheath : the base of such leaves as those of Grasses, which are 
Shailhing: wrapped round the stem. 
Shield-shaped: same as scutate, or as pdtate, p. 59. 
Shrub, p. 21. 

SOpnoid: curved in two directions, like the tetter S, or the Greek ^gma. 
Silicniose! bearing a siliele, or a fruit resembling it. 
Stiide: a pouch, or short pod of the Cress Family; p. 183. 
Siltque .- a longer pod of the Cress Family ; p. 133, fig. 310. 
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&%HOM : bearing siliqnes or pods vhich resemUe eiliqaes. 
SiCkg : glosBf with a coat of One and soft, close-pressed, straight bain. 
SitBer-grain of wood ; p. 1 5 1 . 

S^pery; shining wtiite Or bluish-gray, nsnally from a silkj pubescence. 
Sliaple : ^ one piece ; opposed to compound. 
Siaislrone: turned to the left. 

Staaale; girongi; wavj ; with the roargin alternately bowed iDwarda and oat- 
wards; p. 62, (ig. 116. 
Sinus : a recess or bay j the re-entering angle or apace between two lobes or pro- 

5?«y ofPlanl$ (so called), p. 170. 

Sobotcfemta 1 bearing shoots from near the gronnd. 

Solitary: single ; not lusociaied with othera. 

Sana (plaral tori) ■ the proper name of a fniit.dot of Ferns. 

Spadix! afleriiy spike of flowere ; p. 80, Eg. I6S. 

SpallaceoHi: nsembling or furnished with a 

^lathe; a bract which inwraps an infloresceDce; p. 80, fig. 163. 

Spdtiilale, or Spalhatale: shaped like a spatala; p. 58, Sg. 93. 

Spfciat JUopemenli, p. 170. 

Speciti, p. 173. 

Specijic C^anKter, p. 181, ^lecifie Nanat, p. 179. 

SpicaU : belonging to or disposed in a spike. 

Sp&ijbrm : in shape resembling a spike. 

SpSx: sn inflorescence like a raceme, only the flowers are Bewile; p. 60, fig. 160. 

Spilakt : a small or a secondary spike ; the inflorescence of Orasees. 

Spiiu: a thorn ; p. 39. 

S^ndk-ahaped r tapering to each end, like a radish ; p. 31, fig. 59. 

Spiaacenli tipped by or degenerating into s Iboni. 

Spinoae, or Spinifirom : thomj. 

Spiral arranganail qfleavtt, p. TS. i^ral mads or dactt, p. 148. 

Spordagia, or Spdrocarjit: spore-cases of Ferns, Hosses, &c. 

Spore: a body resnlting from the (hictiflcation of Cryptogamons plants, in them 

taking (he place of a seed. 
Sp6nJt! same as a spore, or a small spoie. 
Spvr: any projectiog s^pendage of the flower, looking like a spur, as that of 

Larkspur, flg. 183. 
Squamale, SquamoK, ox Squamaemta: fnniisbed witli scales [mpwmtx). 
SqaamtUata or Sqataadom: famished with little scales (aquaauSa or aqaamtda). 
Sqadmijbrm ; shaped like a scale. 
Squarrvee: where scales, leaves, or any appendages, are spreading widely from 

the axis on which they are thickly set. 
Squdrrulose: diminutive of sfuamosi!; slightly squarrosc. 
Slaik : the stem, petiole, peduncle, &e,, as the case may be. 
Slamea, p. 86, 111. 

Staminale: furnished with stamens ; p. S9. SlamineeU: relating to the stamens. 
Siamimldium : an abortive stamen, or other tKidy i«seinbling a sterile stamen. 
^ndard: the upper petal of a papilionaceons corolla; p. lOS, flg. SIT, S18, (. 
Starch: a well-known vegetable product; p. 1(3. 
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jS^ion: the paiticnlar pbce, or kind of ■itnatkwi.in whicb » plant natnnUj 

SUllale, SuUuIar : etanj or RBT-Iike ; where levenl BimUar parts Bpreod out 

Setm, p. 36, &c, 

Siemleas ; deatitota or ftppareail j dcsiitnCe of stem. 

StBiU: barreD or imperfect; p. S9. 

Sligma : tho port of the pistil wtiich receive* die pollen ; p. SI. 

Siiifmdlk, or S^malvai belonging to the iligma. 

Slipe (Iddn itipa) : the stalk of a pistil, &c., when it has aaj ; tho ilaa of a 

Moshrootu. 
SiijHi : a Btipnle of a leaflet, a» of the Bean, &o. 
Stipulate; fmnitbed with stipels, aa tbe Bean and mne other Legmunoaa 

Sl^tale: famished with a Btipe, aa tbe plMil of Cleome, fig. ST6. 

^palalt: fnmiahcd with stipules. 

Stlpula : the appeadages one each side of the base of lenain kate* ; p. 69. 

Stolons: trailing or reclined and rooting shoots ; p. 37. 

Slolonifenua .- producing stolons. 

Slomate (Latin ilonui, plnral timiala) : the breathing-pores of leaves, &c.i p. 156. 

Strap-ahafxd: long, flat, and naiiDW; p. 106. 

Strialr, or SiriaMt: mailed with ileitder lonj^tadinal grooTM oi '•>"■■"''» 

(Latin itria). 
Sirkl: cloaeaBdnatTow; straight and namw. 

SirigdloM, Stilft^t besai with ttou and i^prened, scala-lilce or rigid bristltA. 
Slrebildcfoiu : relating to, or resembling a 
SuiAiU: a multiple fhiii in tbe tbna of a cone or bead, ■• that of Iba B(V and 

of the Fine ; fig. 3U, p. 133. 
Simpfiiole : same as earancU, Strophioiale : famished with a strophiole. 
Stroma ; a wen ; a swelling or prolnlieiance of an; organ. 
Sli/le: a port of the pistil which bean theitignva; p. SG. 
Sglc^xldiaiii : an ep^;jnoni disk, or an enlargement Bt the base of die at;!^ 

found in Umbelliferous and some other plants. 
Sub-, as a prefix : abont, nearly, somewhat ; a* tHbtonhlt, slightl; cordate : m^ 

atrrots, slightlj serrate : nbaziUanf, joS benewtk the sxUi &0., fce. 
SiHvraie r cork; or coi^-tikc in textnre. 
Sabdaia, p. ITT, 189. SAarAr, p. ITS. SiJilrSit, p. ITT. 
SiiMtte! awl^haped ; tapering from a broadiA <a tbickiah base to • diafp 

point ; p. 68, 
SacciUenl .- julc; or pnl]^. 

Sudxrs: shoots from subterranean branches; p. ST. 
Siiffhafaxnt: slightl; shnibbj or wood; at the base onl;; p. M. 
Sugar, p. 163. 

Silicate: grooved longitndinallj with deep farrows. 
Sapemavierary Sods: p. 36. 

Sup^nnthile : plaited and convolute iD bod ; p. 1 10, fig. SSS. 
Supra-ax'iUani ; borne above the anil, as some buds ; p. 36, fig. 83. 
&pni'iIiODn>pi>iin(J.- many times ompaaiidad or divided. 
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iSfrcabM; prodndn^ nicken, or shoots i«semUing them, 

Siaptndid: baoging down. Suspended ovules or seeds hsng from tha <taj 

sDinmit of the cell which contains them ; p. 1S3, fig. 369. 
SHund: belonging or relating to a. Butnre. 

SiUurei the liae of junction of coDti^ons pitrts grown togdjter; p. 117. 
Sword-ihaped: Tertical leaves vriih *cate parallel edges, tapering abore to a 

point; as those of Iris, fig. 133. 
i^maelricai FIoukt : similaF in the nnmber of puts of each set ; p. S9. 
Si/iutnt/ieroM.oTSgnffaiaioiu: where stiuaene are imited by their anthers ; p. 112, 

fig. 229. 
S^ncdrpom (fruit oc pistil) ; composed of aereraJ carpets cxmsolidsted into one. 
Sgttem, p. 19S. 
Sj/ttematk Botattg .- the atndj of plants after their kind* ; p. 3. 

Taper-poialtd: Kone u aammalt ; p. SO, fig. 103. 

Tap-root : a. root with a stout tapering body ; p. 32. 

Taumy : dull yellowish, with B tinge of brown. 

TUnfmmijr .- the part of Botany which treats of elasaiflcatioQ. 

Tfgmen : a name for the inner seed-coat. 

Tendril: a thread -shaped body oscd for clirabing, p. 38 : it is either a braodi, 

as in Virginia Creeper, fig. 62 ; or a part of a leaf, as in Pea nod Vetch, 

fig. 127. 
T&ete : long and round ; same as /ylindricai, only it may taper. 
T&miBal : borne at, or belonging to, the extremi^ or summit. 
Termiiutlogy .- the part of the seizes nfaich treats of technical terms ; same as 



T&nale: in threes; p. 66. Temattly: in a teraate way. 

Teita: the onler (and usually the harder) coat or shell of the seed; p. 134. 

Tetra- (in words of Greek composition) ; fbur ; as, 

Tdraalctxna : of four cocci or carpel* 

Tetrad^amous .■ where a flower has six stamens, two of them shoTter than the 
other four, as in Mustard, p. 93, 113, fig. 188. 

Ttli^/oaal: fonr-angled. Ttdrdgyimas ; with four pistils or styles ; p. 116. 

Tetrdeieroia .- with its parts or sets in foaiB. 

Tetrdndraui ! with four stamens; p. 113. 

Thiea 1 a case ; the cells or lobes of the anther. 

ISom; see spine; p. 39. 

Jltnad^aptd: slender and round, or romidiih like a thtead ; as the filament of 
stamens generally. 

TKroot ; the opening or gorge of a monopetaloos coroUa, &e., wh«e the border 
and the tube join, and a little below. 

T^jine or TAi/rata : a compact and pyramidal panicle ; p. 81. 

Tdiaenloie : clothed with matted woolly hairs {lomeitlum). 

Totvpie-shaptd: long, flat, but thickisb, and blunt. 

Tooihfd: furnished with teeth or short projertions of any Sort on the mai^n j 
aBcd especially when thc«c are sharp, like saw-teeth, and do not point for- 
wards ; p. 61, fig, 113, 

Topshaptd: ^uiped like a top. or a oooe with it« apex downwards. 
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Tame, TifrvleMi knobby ; where b cjUndrical bodj u iwolten at in 

Tom: the receptacle of the flower; p. U, IM. 

Tret, p. 21. 

Tri-, in conipositioD ; three ; u 

TrituMplioia ; eiamens ddIumI by their tHamenu into three bondleaj p. 112. 

TridadrouM! where the flower lull three itamens ; p. 112. 

Trihr, p. 176. 

TiidiiSUaaoia : tbree.forked. Tnofcanit: of three cocci or rotudishcaipdj. 

TriaJar: baTiDg three colon. TiialilaU: hBTing three libe. 

TriciltpidaU! three-pointed. Trid^niaie: three-loothed. 

Tri€anial: lasting for three jeara. 

Trifinoat : in three vertical row8 ; looking three ways. 

Trifid: direfrcleft; p. 62. 

Tri/nliaUi three-leaTed. TH/dlkiale : of three leaflets ; p. 66. 

TnJi/naU : threeJoAed. TrtgoMia ; three.angled, or triangular. 

Ttijffnoiu: with three pietUs or Btylee; p. 116. Trijugatt: in thiee pain (ji^i)- 

Tritdbed, or Triiabate : three-lobed ; p. 68. 

TrilOcuIari thre«^lled, as the pistils or pods in fig. 325-227. 

Trinerma .- with iw parts in tbi«e«, as Trilliom, Rg. 189. 

Trin&mte : three-nerved, or with three slender ribs. 

TriieciouM : where there are three sons of flowere on the same or different iitdi- 

vidoals ; as in Red Maple. 
Ih'pdrlible : separable into three pieces. Tripdriiu : three-ported ; p. 62. 
TripelaUmt! having three petals ; aa in Sg. 189. 
TrijJi^loat ! three-leaved ; composed of three pieces. 

Triptnnale : thrice pinnate ; p. 66. Tripinadtijid : thrice pinnatcty cleft ; p. 64. 
TripU-riUbei, Triple-nerrtd, Sk. : where a midrib branches into three near the 

base of the leaf, as in Sunflower. 
Triqaarovt i sharply three-angled ; and espedaUy with the sides concave, like a 

bayonet. ■ 

TrMriat, or TriaeriaU! in three rows, under each other. 
TruHJiom ; in three longitndinal or perpendicular ranks. 
Triiligiiiittic, or Trist^maloie : having three stigmas. 
Triaulcate: three-grooved. 
Triiemati: three times temate ; p, 67. 
Triu-iuf Name : the specific name. 
Trocltlear : pulley-sbapcd. 
Trumpet-ahaptd: tabular, enlarged at or towards the summit, as the corolhi of 

TrurapetCreeper. 
Thincale: as if cut off at the top; p. 60, lig, 106. 
Tvbf, p. 102. 

Trunk : the main stem or iceneral body of a stem or tree. 
TVtcr.' a thickened portion of a sabcerrHiican stem or branch, provided with eyes 

(bnds) on the sides ; as a potato, p. 43, lig. 68. 
TiBxrde: a small excrescence. 

Tuberded, or TuberculaU .- bearing excrescences Or pimples. 
T^KTws: resembling a tuber. TiJteri/eroia .■ bearing tnber*. . 
Taindor : hollow and of an elongated form ; boUoned like a pipe* 
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Tuiaid ! siTollen ; someirhftt inflnted. 

TMcaU : coated ; invested nilh Inyers, as an onion ; p. 40. 

Turbinate: lojWiliaped. Turgid: thick as if swollen. 

Tiirio (\i]xiTa[ turiones) : yoong ehooCs or suckers spiinging out of the ground j aa 

Aaparagas-Bhootfl. 
Tuniips/iuped : broader than high, and abrupllj Darrowed below ; p. 32, fig. 57. 
Tiein : in pairs (see geminate), aa the flowers of Linniea 
Ta-ining : ascending bj coiling round a support, like the Hop ; p. 37. 
Typical : well espressing the characteristics of a species, genus, &c. 

•&iubei! the nmbrella-iiko form of inflorescence ; p. 79, fig. 150. 

Uutb^tlale : in umbels. Uiiibelltjerous ; bearing oinbcls. 

Utttbdlet : a secondaiy or partial umbel ; p. Bl . 

UaMicate : depressed in the centre, like the ends of aa apple. 

ihabonaie : bossed ; furnished nith a low, rounded projection like a boss {umbo)- 

Umbrdcaii/onn : umbrella-shaped, like a, Mushroom, or the lop of Ihe stjle of 

Sanacenia. 
Unarmed: destitute of spines, prickles, and the like. 
l^Bcinale: book-shaped ; booked over at the end. 
Undershn^ .- partially shrubby, or a very low shrub. 
UndalaU -■ wavy, or wavy-margined ; p. 62. 

Uneqvaili/ pinnule : pimiate witb an odd number of leaflets; p. 65, 
Usgafcu/ate : furnished with a claw (unguis) ; p. 102, i. e. a narrow base, as (he 

petals of a Itose, where the claw is very short, and those of Finks (flg. SOO), 

where the claw is very long. 
Urn-, in compound words : one ; as 
Vni^ftdroM ; one-flowered. Uni/dtiale .- one-leaved. 
Uaifaliotait: of ona leaflet; p. 66. UnijtigaU: of one pair. 
Usiidbiaie .- one-lipped. Uailaleral .- on^idcd. 

UailOcular: one-celled, as the pisti^ in lig, 361, and the anther in fig. 338, 239. 
Vaidiiulale ! having only one ovule, as in Gg. 313, and flg. 267-269. 
Uniaerial : in one horizontal row. 

Unit€x«ali having stamens or pistils only, as in Moonseed, fig. 176, 177, &c. 
Univalved: a pod of only one piece after dehiscence, as lig. 253. 
Urc6iUile: urn-shaped, 

Ctrick .- a small, thin-walled, oa»«eeded fruit, as of Qoosefoot ; p. 130, fig. 350. 
Uuicalar : like a small bladder. 

VdyiiuUe: sheathed, surrounded by a sheatb [vagina). 

Vatve : one of the pieces (or doors) into which a dehiscent pod, or any similar 

body, spliU; p. 131, 114. 
Valvale, Vdloular : opening by valves. Vaivaie in reativadon, p. 109. 
Tarisfy, p. 174, 177. 

Vdacaiar: containing vessels, or consisting of vessels, such as ducts; p, 146, 14B. 
Fau/W: arched; same a3_/£>mi«rfe. 
F^floWe Physiology, p. 3. 

Veil: the calyptra of Mosses. (Manual, p. 607.) 
Veim : the small tibs or branches of the framework of leaves, &c. ; p. 55. 
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Varied, Viiag : fnmi shed with evident veiiu. Vdiilta! deelitate of veins. 

VtiaUlt: the smaller ramificatioaB of veins. 

Velaie .- fumighed with a. veil. 

FeWtiBoiu .- velvety to the touch. 

Venalion : the veining of leaves, &c. ; p. 55. 

V^mm: vein/; fimiabed with conspicuous veins. . 

Ventral: Ijclooging to that side of a Bimple piatil, or other organ, which looks 

towards Che axis or centre of the flower ; the (^poslle of dorsal ; a» the 
VetUral Suture, p. UJ. 

V^riaue : inflated ot' ewcUeil out on one side. 
yifnuloae .' furnished witb veiolets. 
VomtbuW .- shaped Lke worms. 

Vtmalim! the arrangeinent of the leavet In dis bod ; p. 75. 
Vfrnicote ! the siuftce appearing as if vBtnisbed. 
VAmcatK! warty ; beset with little projections like w«ii. 
Vifnatik: attached by one point, so that it may swing to and fro, as the anthers 

of the Lily and Evening Primrose ; p. 113, %, 234. 
Veria .' tame aa the c^kx. 

V^kal: npright; perpendicnlar to the horizon, lengthwise, 
Vinicil: a whorl; p. 71. VertkillaUi whorled; p. 71, 7S, fig. U8. 
V^stctn: a little bladder. Embiyond Vaide, p. 139. Veiicalari bladdery. 
Vtss^i! ducU, &C.; p. 146, 148. 
Viz3lary, VexiUar : relating to the 

Y€x31um : the itondard of a papilionaceous flower ; p. 105, fig. 21 B, >. 
VOlMe: shaggy with long and soft hairs (vUlosUy.) 
VimSaeout : producing slender twigs, such as those used for wkkar-'woik. 
Fine: any trailing or climbing stem; as a Grape-vine. 
VirOcent, Virideseenl : greenidh ; taming grcon. 
Vlrgale: wand-ahaped, as a long, straight, and slender twig. 
ViKoai, Vhcid: having a glntinoos surface 
Villa (plural mats) : the oil-tabes of the trait of Umbellifern. 
VHabUi twining, as the stem of Hops and Beans ; p, 37. 

Wai<g! the sarfece or margin alternately convex and coiica?B ; p. 62. 

Waiy .- resembliftg beeswax in texiare or appearance. 

Wetfyes^ptd: broad above, aad tapering by straight linea to k narrow base; 

p. 58, flg. 94. 
Whtd-ihapa!: Bee rv/ate; p. 102, fig. 204, 205. 
Whorl, Whorled: when leaves, &c are arranged in a ciicle round the stem, 

p. 71, 75, fig. 148. 
Wingi any membranous expansion. Wing$ of papilionaceous (towers, p. lOS. 
Wiaged: furnished with awing; as the fruit of Ash and Elm, fig. 300,301. 
Wood, p. 145. Wood;/; of the tcxtore or consisting of wood 
WBod,^ Fibre, or Wood.ail'. p. 146. 
WooUg: clothed with long and cntiinglod eoft hairs; as the leaves of Mullein. 
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